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(57) ABSTRACT

An 1mage forming apparatus includes: a first projector that
scans light on a first display section to thereby display an
image; a second projector that scans the light on a second
display section, which 1s set 1n a position different from a
position of the first display section, to thereby display an
image; and a switching section that switches plural states
including a first state in which the first projector displays the
image on the first display section and a second state 1n which
the second projector displays an 1mage on the second display
section.
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1
IMAGE FORMING APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to an image forming appara-
tus.

2. Related Art

A projector 1s known as an apparatus that projects light on
the surface of an object such as a screen and displays a desired
image on a projection surface of the screen. As such a pro-
jector, a projector including an optical scanner that one-di-

mensionally or two-dimensionally scans light 1s put to prac-
tical use (see, for example, JP-A-2008-116668).

The projector disclosed 1n JP-A-2008-116668 includes a

first optical scanner 1n which a movable plate having a light
reflecting section pivots around an x axis, a second optical
scanner 1 which a movable plate having a light reflecting
section pivots around a y axis orthogonal to the x axis, and a
light source device that emits light such as a laser. The pro-
jector scans the light emitted from the light source device with
the first optical scanner and further scans the scanned light
with the second optical scanner to thereby two-dimensionally
scan the light and display a desired 1image on the screen.

In recent years, 1t 1s proposed to set a screen 1n, for
example, a station yard or a lobby of a building or a hotel
crowded with people and display a desired image (a promo-
tion video or a video of a commercial film or the like) on the
screen using the projector to thereby advertise products tar-
geting people around the screen.

However, 1n the projector disclosed in JP-A-2008-116668,
since a display target of an 1image 1s only one screen set 1n
advance, 1t 1s difficult to for people to recognize the presence
of the image. When the screen 1s small, 1t 1s particularly
difficult for people to recognize the presence of the image. If
the presence of the image 1s notrecognized, 1t 1s impossible to
cause people to recognize content of the image. Therefore, 1t
1s 1mpossible to obtain, for example, the effect of the adver-
tisement (solicitation effect).

An 1ncrease 1n size of the screen does not always make it
casier for people to recognize the presence of the image. In
some case, the increase in size of the screen 1s difficult
because of limitation in a setting space for the screen.

For example, to achieve an excellent effect of the adver-
tisement, there 1s a demand for further improvement of
expression power by the image.

SUMMARY

An advantage of some aspect of the invention is to provide
an 1mage forming apparatus that causes, even 1f a displayed
image 1s small, people to easily recognize the presence of the
image and can improve expression power of the image.

According to an aspect of the invention, there 1s provided
an 1mage forming apparatus including: a first projector that
scans light on a first display section to thereby display an
image; a second projector that scans the light on a second
display section, which 1s set 1n a position different from the
position of the first display section, to thereby display an
image; and a switching section that switches plural states
including a first state in which the first projector displays the
image on the first display section and a second state 1n which
the second projector displays an 1mage on the second display
section.

This makes 1t possible to cause, by changing a position
where an 1image 1s displayed, people present around the image
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2

forming apparatus to easily recognize the presence of the
image even 1f an area of a section in which the image 1s
displayed 1s relatively small.

It 1s possible to improve expression power by the image by
changing the position where the 1mage 1s displayed.

In particular, in the aspect of the ivention, since plural
images 1n different positions are displayed by using the sepa-
rate projectors, variations of positions where the 1images are
displayed can be increased. Therelore, 1t 1s possible to make
the effect more conspicuous.

Consequently, the image forming apparatus according to
the aspect causes, even 1f a displayed image 1s small, people
to easily recognize the present of the image and can improve
expression power of the image.

Since the image forming apparatus according to the aspect
displays an 1image using the projectors, the image forming
apparatus 1s mexpensive and 1s easily set compared with an
image forming apparatus including a flat panel display such
as an LED panel, a liquid crystal panel, or an organic EL
panel.

In the 1image forming apparatus according to the aspect,
cach of the first projector and the second projector may
include: a light emitting section that emits a laser beam; and
a light scanning section including an optical scanner in which
a movable plate including a light retlecting section for reflect-
ing the laser beam emitted from the light emitting section 1s
pivotably provided, the optical scanner scanning the light
reflected by the light reflecting section according to the piv-
oting.

This makes the configuration of the first projector and the
second projector relatively simple and inexpensive. Since the
laser beam 1s used, the projectors are focus-iree and can
perform near projection and adjust a projection position to an
arbitrary position without being limited by a setting position.
If the laser beam 1s used, an optical system such as a lens for
converting the laser beam 1nto parallel rays can be omitted or
simplified. Therefore, it 1s possible to realize a reduction 1n
s1ze of the 1image forming apparatus.

The image forming apparatus according to the aspect may
turther include a moving object detection sensor that detects
whether a moving object 1s present 1n each of a first detection
region and a second detection region set 1n a position different
from the position of the first detection region. The switching
section may switch the first state and the second state on the
basis of a detection result of the moving object detection
SENSOr.

This makes it possible to switch a display position of an
image according to the movement of a person (a moving
object). As a result, 1t 1s possible to cause people to more
casily recognize the presence of the image.

In the image forming apparatus according to the aspect, the
switching section may switch the image forming apparatus to
the first state when the moving object detection sensor detects
the presence of a moving object 1n the first detection region
and switch the image forming apparatus to the second state
when the moving object detection sensor detects the presence
of a moving object 1n the second detection region.

This makes it easy to cause a person (a moving object)
present in the first detection region to recognize the presence
of an 1mage on the first display section and makes it easy to
cause a person (a moving object) present in the second detec-
tion region to recognize the presence of an image on the
second display section.

In the image forming apparatus according to the aspect, the
switching section may switch plural states including a third
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state 1n which the first projector displays an image on the first
display section and the second projector displays an 1image on

the second display section.

This makes 1t possible to improve expression power by the
image.

The image forming apparatus according to the aspect may
turther includes a third projector that scans light on a third
display section, which 1s set 1n a position different from the
positions of the first display section and the second display
section, to thereby display an image. The switching section
may switch plural states including a state in which the third
projector displays an 1image in the third display section.

This makes it possible to improve expression power by the
image.

According to another aspect of the invention, there 1s pro-
vided an 1image forming apparatus including: a projector that
scans light to thereby display an image; and a switching
section that switches plural states including a first state 1n
which the projector displays an 1mage on a first display sec-
tion and a second state 1n which the projector displays an
image on a second display section set 1n a position different
from the position of the first display section.

This makes 1t easy to cause, even 1f a displayed image 1s
small, a person to recognize the presence of the image and
makes 1t possible to improve expression power by the image.

In the image forming apparatus according to the aspect, the
projector may include a light emitting section that emits a
laser beam. The projector scans the laser beam emitted from
the light emitting section to thereby display an image.

Since the laser beam 1s used, the projector 1s focus-iree and
can perform near projection and adjust a projection position
to an arbitrary position without being limited by a setting,
position. It the laser beam 1s used, an optical system such as
a lens for converting the laser beam into parallel rays can be
omitted or simplified. Therefore, it 1s possible to realize a
reduction 1n size of the image forming apparatus as well as a
reduction 1n size of the light emitting section.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
clements.

FIG. 11s adiagram showing a first embodiment of an image
forming apparatus according to the invention.

FI1G. 2 1s a block diagram showing a schematic configura-
tion of the image forming apparatus shown in FIG. 1.

FI1G. 3 1s a diagram showing a schematic configuration of a
projector included in the image forming apparatus shown in
FIG. 2.

FIG. 4 1s a partial sectional perspective view of optical
scanners 1cluded 1n the projector shown 1n FIG. 3.

FIGS. SA and 5B are sectional views for explaining the
operation of the optical scanner shown in FIG. 4.

FIG. 6 1s a block diagram showing a control system (an
operation control section, a light scanning section, and a light
source unit) of the projector shown 1n FIG. 3.

FIGS. 7A and 7B are a side view and a front view for
explaining the operation of the projector shown 1n FIG. 3.

FI1G. 8 1s a graph showing transition of a deflecting angle (a
change with time of the deflecting angle) of a movable plate
ol the optical scanner (an optical scanner for horizontal scan-
ning) during the operation of the projector shown 1n FIG. 3.

FI1G. 9 1s a graph showing transition of a detlecting angle (a
change with time of the deflecting angle) of a movable plate
of the optical scanner (an optical scanner for vertical scan-
ning) during the operation of the projector shown 1n FIG. 3.
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4

FIGS. 10A and 10B are a side view and a front view
showing a modification of the operation of the projector
shown 1n FIG. 3.

FIG. 11 1s a top view showing a detection region of a human
sensor (a moving object detection sensor) 1n the 1image form-
ing apparatus shown in FIG. 1.

FIGS.12A to 12C are top views for explaining switching of
a display position of an 1image in the image forming apparatus
shown 1 FIG. 1, wherein FIG. 12A 1s a diagram showing a
first state, FIG. 12B 1s a diagram showing a second state and
FIG. 12C 1s a diagram showing a third state.

FIG. 13 1s a diagram showing a second embodiment of the
image forming apparatus according to the mnvention.

FIG. 14 1s a diagram showing a third embodiment of the
image forming apparatus according to the mvention.

FIG. 15 1s a diagram showing a fourth embodiment of the
image forming apparatus according to the mvention.

FIG. 16 1s a diagram showing a fifth embodiment of the
image forming apparatus according to the mvention.

FIG. 17 1s a top view showing a detection region of a human
sensor (a moving object detection sensor) 1n the 1image form-
ing apparatus shown in FIG. 16.

FIG. 18 1s a diagram showing a sixth embodiment of the
image forming apparatus according to the mvention.

FIG. 19 1s a schematic plan view showing an optical scan-
ner of a projector included in an 1mage forming apparatus
according to a seventh embodiment of the invention.

FIG. 20 1s a sectional view taken along line B-B in FIG. 19.

FIG. 21 1s a block diagram showing a voltage applying
section of a driving section ncluded 1n the optical scanner
shown 1n FIG. 19.

FIGS. 22A and 22B are diagrams showing an example of
voltage generated by a first voltage generating section and a
second voltage generating section included in the voltage
applying section shown 1n FIG. 21.

FIGS. 23A and 23B are a side view and a front view for
explaining the operation of the projector included in the
image forming apparatus according to the seventh embodi-
ment of the imvention.

FI1G. 24 1s a diagram showing an eighth embodiment of the
image forming apparatus according to the mnvention.

FIG. 25 1s a diagram showing a ninth embodiment of the
image forming apparatus according to the mvention.

FIG. 26 1s a block diagram showing a schematic configu-
ration of an 1mage forming apparatus according to a tenth
embodiment of the mnvention.

FIG. 27 1s a partial sectional side view showing a unit
pivoting mechanism of a rendering-position changing section
included 1n a projector shown in FIG. 26.

FIGS. 28A and 28B are top views for explaining an action
of the unit prvoting mechanism shown 1n FIG. 27.

FIG. 29 1s a perspective view showing a scanner pivoting,
mechanism of the rendering-position changing section
included in the projector shown 1n FI1G. 26.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of an image forming apparatus
according to the mnvention are explained below with reference
to the accompanying drawings.

First Embodiment

FIG. 1 1s a diagram showing a first embodiment of the
image forming apparatus according to the invention. FIG. 2 1s
a block diagram showing a schematic configuration of the
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image forming apparatus shown in F1G. 1. FIG. 3 1s a diagram
showing a schematic configuration of a projector included 1n
the 1mage forming apparatus shown in FIG. 2. FIG. 4 15 a

partial sectional perspective view ol optical scanners
included 1n the projector shown 1n FIG. 3. FIGS. 5A and 5B

are sectional views for explaining the operation of the optical
scanner shown 1n FI1G. 4. FIG. 6 1s a block diagram showing
a control system (an operation control section, a light scan-

ning section, and a light source unit) of the projector shown in
FIG. 3. FIGS. 7A and 7B are a side view and a front view for
explaining the operation of the projector shown in FIG. 3.
FIG. 8 1s a graph showing transition of a deflecting angle (a
change with time of the deflecting angle) of a movable plate
ol the optical scanner (an optical scanner for horizontal scan-
ning) during the operation of the projector shown 1n FIG. 3.
FIG. 9 1s a graph showing transition of a deflecting angle (a
change with time of the deflecting angle) of a movable plate
of the optical scanner (an optical scanner for vertical scan-
ning) during the operation of the projector shown 1n FIG. 3.
FIGS. 10A and 10B are a side view and a front view showing
a modification of the operation of the projector shown in FIG.
3. FIG. 11 1s a top view showing a detection region of a human
sensor (a moving object detection sensor) in the image form-
ing apparatus shown in FIG. 1. FIGS. 12A to 12C are top
views for explaining switching of a display position of an
image in the 1mage forming apparatus shown in FIG. 1,
wherein FIG. 12A 1s adiagram showing a first state, F1G. 12B
1s a diagram showing a second state and FIG. 12C 1s a diagram
showing a third state. In the following explanation, for con-
venience of explanation, an upper side, a lower side, a right
side, and aleft side in FIGS. 4,5, 7A and 7B, and 10A and 10B
are respectively referred to “upper”, “lower”, “right”, and
“left”.

An 1mage forming apparatus 1 shown i FIG. 1 1s an
apparatus that alternately (sequentially) displays a predeter-
mined 1mage such as a still image or a moving 1mage (in
particular, a commercial or promotion video) on display sur-
taces 91a and 915 of two screens (display objects) 9a and 956
set on a floor surface F1 of a floor F of a building or the like.

In this embodiment, the display surfaces 91a and 915 are
set on the screens 9a and 954 set on the same surtace, 1.e., the
floor surface F1 and are set in positions different from each
other.

In this embodiment, the display surface 91a 1s a first dis-
play section and the display surface 915 1s a second display
section set 1 a position different from the position of the
display surface 91a. A plane set along the floor surface F1 1s
a first plane on which the display surface 91a 1s set. A plane
set along a wall surface W1 1s a second plane. The floor
surface F1 and the wall surface W1 are respectively planes but
may have curved sections and 1rregularities.

In this way, the 1image 1s alternately displayed on the dis-
play surface 91a as the first display section and the display
surface 916 as the second display section (1.e., a position
where the 1mage 1s displayed 1s changed). This makes pos-
sible to switch the display of the image 1n at least two display
sections. Consequently, even 1f areas of the display surface
91a and the display surface 915 are relatively small, 1t 1s
possible to cause people present around the 1image forming
apparatus 1 to easily recognize the presence of the image.
Even 1f video data 1n use 1s video data concerning a still image
or amoving image with little change, 1t 1s possible to improve
expression power by the image by changing a position where
the 1mage 1s displayed.

Theretfore, for example, when an 1image for advertisement
such as a commercial or promotion video 1s used as a dis-
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played image, the image forming apparatus 1 can show an
excellent advertisement function.

In this embodiment, since the 1image 1s displayed on the
display surfaces 91a and 915 set on the surfaces of the screens
9a and 95, the display surfaces 91a and 915 can have optical
characteristics suitable for the display of the image. There-
fore, 1t 1s possible to improve visibility of the 1mage 1rrespec-
tive ol a matenal or the like of a place (in this embodiment, the
floor) where the image 1s displayed. A material forming the
screens 9a and 95 1s not specifically limited. Examples of the
material include polyethylene, polypropylene, polyvinyl
chloride, polystyrene, polyamide, acrylic resin, ABS resin,
fluoric resin, epoxy resin, and silicone resin, and a copolymer,
a blended body, or a polymer alloy mainly containing any one
of the foregoing. One of the materials or a combination of two
or more of the materials can be used.

As shown in FIG. 2, the image forming apparatus 1
includes a projector (a first projector) 2q that scans light on
the display surface 91a and displays an 1mage (renders an
image) on the display surface 91a, a projector (a second
projector) 25 that scans light on the display surface 9156 and
displays an 1image on the display surface 915, a human sensor
(a moving object detection sensor) 7 that detects presence or
absence of a person (a moving object) near the screen 94, and
a control section (a switching section) 8 that controls driving
ol the projectors 2a and 25 on the basis of a detection result of
the human sensor 7. The image forming apparatus 1 has a
housing 11. The projectors 2a and 25, the human sensor 7, and
the control section 8 are housed 1n the housing 11.

Such an image forming apparatus 1 displays an image
using the projectors 2a and 25 of a light scanning type. There-
fore, the apparatus 1s 1nexpensive and easily set compared
with an 1mage forming apparatus including a flat panel dis-
play such as an LED panel, a liguid crystal panel, or an
organic EL panel.

The sections included in the 1image forming apparatus 1 are
sequentially explained below 1n detail.

Projectors

The projector 2a as the first projector scans light on the
display surface 91a to thereby display an 1image on the display
surface 91a.

On the other hand, the projector 256 as the second projector
scans light on the display surface 915, which 1s set in the
position different from the position of the display surface 91a,
to thereby display an 1mage on the display surface 9154.

The projector 2a 1s explained below. Since the projector 2a
and the projector 25 have the same configuration, the projec-
tor 2a 1s representatively explained below. Explanation of the
projector 26 1s omitted.

As shown 1n FIG. 3, the projector 2a includes alight source
unit (a light emitting section) 3 that emits light, a light scan-
ning section 4 that scans the light emitted from the light
source unit 3 on the display surface 91a, and a distortion
correcting section (an operation control device) 5 that cor-
rects distortion of an 1mage displayed on the display surface
91a (keystone correction).

Light Source Unit (Light Emitting Section)

As shown 1n FIG. 3, the light source unit 3 includes laser
beam sources 31r, 31g, and 315 for red, green, and blue and
collimator lenses 32r, 32¢, and 325 and dichroic mirrors 33r,
332, and 33b provided to correspond to the laser beams
sources 317, 31¢, and 315 for the colors.

Thelaser beam sources 317, 31¢, and 315 respectively have
driving circuits 3107, 310g, and 31056 and a light source 320~
for red, a light source 320g for green, and a light source 3205
for blue (see FIG. 6). As shown 1 FIG. 3, the laser beam

sources 317, 31¢g, and 315 respectively emit laser beams RR,
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(GG, and BB of red, green, and blue. The laser beams RR, GG,
and BB are emitted while being respectively modulated
according to driving signals transmitted from a light-source
modulating section 54 explained later of the distortion cor-
recting section 5. The laser beams RR, GG, and BB are
respectively parallelized by the collimator lenses 327, 32g,
and 326 as collimate optical elements to be converted 1into thin
beams.

The dichroic mirrors 337, 33¢g, and 335 respectively have
characteristics for retlecting the red laser beam RR, the green
laser beam GG, and the blue laser beam BB. The dichroic
mirrors 337, 33¢, and 335 combine the laser beams RR, GG,
and BB of the colors to emit one laser beam (light) LL.

Collimator mirrors can also be used instead of the collima-
tor lenses 327, 32g, and 32b. In this case, 1t 1s also possible to
form thin beams of parallel light beams. When the parallel
light beams are emitted from the laser beam sources 31r, 31g,
and 315 for the colors, the collimator lenses 327, 32g, and 3256
can be omitted. The laser beam sources 317, 31g, and 315 can
be replaced with light sources such as light emitting diodes
that generate the same light beams. The order of the laser
beams sources 317, 31g, and 315 for the colors, the collimator
lenses 32r, 32g, and 325, and the dichroic mirrors 33r, 33g,
and 3356 shown 1n FIG. 3 15 only an example. It 1s possible to
freely set the order while keeping the combination of the
colors (the laser beam source 317, the collimator lens 327, and
the dichroic mirror 33 are for red, the laser beam source 31g,
the collimator lens 32g, and the dichroic mirror 33g are for
green, and the laser beam source 315, the collimator lens 325,
and the dichroic mirror 335 are for blue). For example, a
combination ol blue, red, and green 1n order from ones closest
to the light scanning section 4 1s also possible.

Light Scanning Section

The light scanning section 4 scans the laser beam LL emut-
ted from the light source unmit 3 on the display surface 91qa in
the horizontal direction (a first direction) (horizontal scan-
ning: main scanning) and scans the laser beam LL in the
vertical direction (a second direction orthogonal to the first
direction) at scanming speed lower than scanming speed in the
horizontal direction (vertical scanning: sub-scanning) to two-
dimensionally scan the laser beam LL.

The light scanning section 4 includes an optical scanner (a
first direction scanning section) 41 as a mirror for horizontal
scanning that scans the laser beam LL, which 1s emitted from
the light source unit 3, on the display surface 91a 1n the
horizontal direction, an angle detecting section (a behavior
detecting section) 43 that detects an angle (behavior) of a
movable plate 411a explained later of the optical scanner 41,
an optical scanner (a second direction scanning section) 42 as
a mirror for vertical scanning that scans the laser beam LL,
which 1s emitted from the light source unit 3, on the display
surface 91a 1n the vertical direction, and an angle detecting
section (a behavior detecting section) 44 that detects an angle
(behavior) of a movable plate 421a explained later of the
optical scanner 42.

The configuration of the optical scanners 41 and 42 1s
explained below. Since the optical scanners 41 and 42 have
the same configuration, the optical scanner 41 1s representa-
tively explained below. Explanation of the optical scanner 42
1s omitted.

As shown 1n FIG. 4, the optical scanner 41 1s an optical
scanner of a so-called one degree of freedom system (one-
dimensional scanning). The optical scanner 41 includes a
substrate 411, a counter substrate 413 provided to be opposed
to the lower surface of the substrate 411, and a spacer member
412 provided between the substrate 411 and the counter sub-
strate 413.
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The substrate 411 includes a movable plate 411a, a sup-
porting section 4115 that pivotably supports the movable
plate 411a, and a pair of coupling sections 411¢ and 4114 that
couple the movable plate 411a and the supporting section
4115.

The movable plate 411a 1s formed 1n a substantially rect-
angular shape 1n plan view thereof. A light reflecting section
(a mirror) 411e having light reflectivity 1s provided on the
upper surface of such a movable plate 411a. The surface (the
upper surface) of the light reflecting section 411e forms a
reflecting surface that reflects light. The light reflecting sec-
tion 411e 1s formed of, for example, a metal film of Al, N1, or
the like. A permanent magnet 414 1s provided on the lower
surface of the movable plate 411a.

The supporting section 4115 1s provided to surround the
outer periphery of the movable plate 4114 1n the plan view of
the movable plate 411a. In other words, the supporting sec-
tion 4115 1s formed 1n a frame shape and the movable plate
411a 1s located on the inner side thereof.

The coupling section 411c¢ couples the movable plate 4114
and the supporting section 4115 on the leit side of the mov-
able plate 411a. The coupling section 4114 couples the mov-
able plate 411a and the supporting section 4115 on the right
side of the movable plate 411a.

The coupling sections 411¢ and 4114 are formed 1n a
rectangular shape. The coupling sections 411¢ and 4114 can
be elastically deformed. Such a pair of coupling sections 411c¢
and 4114 are provided coaxially with each other. The mov-
able plate 411a pivots with respect to the supporting section
4115 around this axis (hereinaiter referred to as “p1vot center
axis J17).

Such a substrate 411 1s formed of, for example, silicon as a
main material. The movable plate 411a, the supporting sec-
tion 4115, and the coupling sections 411¢ and 4114 are inte-
grally formed. Since silicon 1s the main material, excellent
pivoting properties can be realized and excellent durability
can be shown. Since silicon can be finely processed, when the
substrate 411 1s formed of silicon as the main material, 1t 1s
possible to achieve excellent dimensional accuracy of the
substrate 411 and excellent oscillation properties of the opti-
cal scanner 41. Further, 1t 1s possible to realize a reduction 1n
s1ze of the optical scanner 41.

The spacer member 412 1s formed 1n a frame shape. The
upper surface of the spacer member 412 1s joined to the lower
surface of the substrate 411. The spacer member 412 1s sub-
stantially the same as the shape of the supporting section 4115
in the plan view of the movable plate 411a. Such a spacer
member 412 1s formed of, for example, various kinds of glass,
various kinds of ceramics and silicon, or S10,.

A method of joining the spacer member 412 and the sub-
strate 411 1s not specifically limited. For example, the spacer
member 412 and the substrate 411 may be joined via another
member such as an adhesive. Depending on, for example, a
material forming the spacer member 412, direct joining,
anode joining, or the like may be used.

Like the spacer member 412, the counter substrate 413 1s
formed of, for example, various kinds of glass, silicon, or
S10,. A coil 415 1s provided in a region opposed to the
movable plate 411a on the upper surface of such a counter
substrate 413.

The permanent magnet 414 1s formed 1n a plate bar shape
and provided along the lower surface of the movable plate
411a. Such a permanent magnet 414 1s magnetized 1n a direc-
tion orthogonal to the pivot center axis J1 1n the plan view of
the movable plate 411a. In other words, the permanent mag-
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net 414 1s provided such that a segment connecting both the
poles U (the S pole and the N pole) 1s orthogonal to the pivot
center axis J1.

Such a permanent magnet 414 1s not specifically limited.
For example, ancodium magnet, a ferrite magnet, a samarium
cobalt magnet, or an Alnico magnet can be used.

The coi1l 415 1s provided to surround the outer periphery of
the permanent magnet 414 1n the plan view of the movable
plate 411a.

The optical scanner 41 includes a voltage applying section
416 that applies voltage to the coil 415. The voltage applying
section 416 can adjust (change) conditions such as a voltage
value of the applied voltage, a frequency, and the like. A
driving section 417 for pivoting the movable plate 411a 1s
configured by the voltage applying section 416, the coil 415,
and the permanent magnet 414.

Predetermined voltage 1s applied to the coil 415 from the
voltage applying section 416 and predetermined electric cur-
rent flows to the coil 415.

For example, alternating voltage 1s applied from the volt-
age applying section 416 to the coil 4135, electric current flows
according to the alternating voltage, a magnetic field 1s gen-
erated 1n a thickness direction of the movable plate 411a (an
up to down direction 1n FIG. 4), and a direction of the mag-
netic field 1s periodically switched. Specifically, a state A in
which a section near the upper side of the co1l 415 1s the S pole
and a section near the lower side thereof 1s the N pole and a
state B 1n which the section near the upper side of the coil 415
1s the N pole and the section near the lower side thereof 1s the
S pole are alternately switched. In that case, the voltage
applying section 416 1s controlled to be driven by the distor-
tion correcting section 5 explained below.

In the state A, as shown 1n FIG. SA, a section on the right
side of the permanent magnet 414 1s displaced to the upper
side by repulsion force between the permanent magnet 414
and a magnetic field generated by energization to the coil 415.
A section on the left side of the permanent magnet 414 1s
displaced to the lower side by suction force between the
permanent magnet 414 and the magnetic field. Consequently,
the movable plate 411a pivots counterclockwise and inclines.

On the other hand, 1n the state B, as shown 1in FIG. 5B, a
section on the right side of the permanent magnet 414 1s
displaced to the lower side and the section on the left side of
the permanent magnet 414 1s displaced to the upper side.
Consequently, the movable plate 411a pivots clockwise and
inclines.

The state A and the state B are alternately repeated,
whereby the movable plate 411a pivots (oscillates) around the
pivot center axis J1 while torsionally deforming the coupling,
sections 411¢ and 4114d.

The voltage applied from the voltage applying section 416
to the coil 415 1s adjusted by the control by the distortion
correcting section 5 explained later, whereby the flowing
clectric current can be adjusted. This makes it possible to
adjust a deflecting angle (amplitude) of the pivoting around
the pivot center axis J1 of the movable plate 4114 (the reflect-
ing surface of the light reflecting section 411e).

The configuration of such an optical scanner 41 1s not
specifically limited as long as the movable plate 411a can be
pivoted. For example, the optical scanner 41 may have a two
degree of freedom system. A driving system of the optical
scanner 41 may be, for example, piezoelectric driving using a
piezoelectric element or electrostatic driving using electro-
static attraction instead of electromagnetic driving using the
coil 415 and the permanent magnet 414.

As shown 1n FIG. 3, the optical scanners 41 and 42 having
the configuration explained above are provided such that
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directions of pivot center axes J1 and J2 thereot are orthogo-
nal to each other. Since the optical scanners 41 and 42 are
provided in this way, the laser beam. LL emitted from the light
source unit 3 can be scanned on the display surface 91a
two-dimensionally (in two directions orthogonal to each
other). This makes 1t possible to render a two-dimensional
image on the display surface 91a with a relatively simple
coniiguration.

Specifically, the light emitted from the light source unit 3 1s
reflected on the reflecting surface of the light reflecting sec-
tion 411e of the optical scanner 41. Subsequently, the light 1s
reflected on a reflecting surface of a light reflecting section
421e of the optical scanner 42 and projected (irradiated) on
the display surface 91a of the screen 9a. At this point, the light
reflecting section 411e of the optical scanner 41 1s pivoted and
the light reflecting section 421e of the optical scanner 42 1s
pivoted at angular velocity lower than angular velocity
(speed) of the light reflecting section 411e. Consequently, the
laser beam LL emitted from the light source unit 3 1s scanned
on the display surface 91a in the horizontal direction and
scanned 1n the vertical direction at scanning speed lower than
scanning speed 1n the horizontal direction. In this way, the
laser beam LL emaitted from the light source unit 3 1s two-
dimensionally scanned on the display surface 91a and an
image 1s rendered on the display surface 91a.

In order to pivot the light reflecting section 421e of the
optical scanner 42 at angular velocity lower than the angular
velocity of the light reflecting section 411e of the optical
scanner 41, for example, the optical scanner 41 may be driven
by resonant driving that makes use of resonance or may be
driven by non-resonant driving that does not make use of
resonance. When both the optical scanners 41 and 42 are
driven by the resonant driving, the optical scanners 41 and 42
only have to be designed such that a resonant frequency of the
optical scanner 41 (a resonant frequency of an oscillating
system 1ncluding the movable plate 411a and the coupling
sections 411¢ and 411d) 1s higher than a resonant frequency
of the optical scanner 42.

The light emitted from the light source unit 3 may be
reflected on the light reflecting section 421e of the optical
scanner 42 first and, then, reflected on the light reflecting
section 411e of the optical scanner 41. In other words, 1t 1s
also possible that the vertical scanning 1s performed first and,
then, the horizontal scanning 1s performed.

The angle detecting section 43 that detects an angle of the
movable plate 411a of the optical scanner 41 1s explained
below. Since the configuration of the angle detecting section
44 that detects an angle of the movable plate 421a of the
optical scanner 42 1s the same as that of the angle detecting
section 43, explanation of the angle detecting section 44 1s
omitted.

As shown 1n FI1G. 4, the angle detecting section 43 includes
a piezoelectric element 431 provided on the coupling section
411c¢ of the optical scanner 41, an electromotive-force detect-
ing section 432 that detects electromotive force generated by
the piezoelectric element 431, and an angle detecting section
433 that calculates an angle (detects behavior) of the movable
plate 411a on the basis of a detection result of the electromo-
tive-force detecting section 432.

When the coupling section 411c¢ 1s torsionally deformed
according to the pivoting of the movable plate 411a, the
piezoelectric element 431 1s deformed according to the tor-
sional deformation of the coupling section 411c¢. The piezo-
clectric element 431 has a characteristic that, when the piezo-
clectric element 431 1s deformed from a natural state in which
external force 1s applied, the piezoelectric element 431 gen-
erates electromotive force corresponding to an amount of the
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deformation (or a characteristic that resistance changes
according to the deformation amount). Therefore, the angle
detecting section 433 calculates a degree of the torsion of the
coupling section 411¢ on the basis of the magnitude of the
clectromotive force (or the resistance) detected by the elec-
tromotive-force detecting section 432 and calculates an angle
of the movable plate 4114 (the reflecting surface of the light
reflecting section 411¢) from the degree of the torsion. The
angle detecting section 433 calculates a deflecting angle
around the pivot center axis J1 of the movable plate 411a. A
signal including information of the angle and the deflecting
angle of the movable plate 411a 1s transmitted from the angle
detecting section 433 to the distortion correcting section 3.

A reference (0°) of the detected angle of the movable plate
411a can be set 1n any state of the optical scanner 41, for
example, 1n an 1nitial state of the optical scanner 41 (a state 1n
which voltage 1s not applied to the coil 415).

The detection of an angle of the movable plate 411a may be
performed on a real time basis (continuously) or may be
performed intermittently. The angle detecting section 43 1s
not limited to the angle detecting section including the piezo-
clectric element as 1n this embodiment as long as an angle of
the movable plate 411a can be detected. For example, an
optical sensor may be used as the angle detecting section 43.
Distortion Correcting Section

The distortion correcting section 3 1s explained below.

In the projector 2a, when an 1mage 1s displayed (rendered)
on the display surface 91a by using the pair of optical scan-
ners 41 and 42, distortion due to an optical path difference to
the display surface 91a, for example, distortion called “key-
stone distortion” 1n which the length 1n the lateral direction
(the horizontal direction) 1s different on the upper side and the
lower side of the image displayed on the display surface 91a
occurs. The distortion correcting section 5 has a function of
correcting such distortion of the image.

This makes 1t possible to display images on the display
surface 91a and the display surface 915 with distortion cor-
rected. Therefore, for example, areas and shapes of the dis-
play surface 91a and the display surface 915 can be equalized.

The distortion correcting section 5 1s explained 1n detail
below.

As shown 1n FIG. 6, the distortion correcting section 5
includes a video-data storing section 51 that stores video data
(image data) used 1n rendering an 1mage, a video-data calcu-
lating section 52, a rendering-timing generating section 53, a
light-source modulating section (a light modulating section)
54, a deflecting-angle calculating section (an amplitude cal-
culating section) 55, an angle indicating section 36, and a
calibration-curve storing section 57 that stores a calibration
curve.

The projector 2a performs scanning 1n the vertical direc-
tion (heremaiter also simply referred to as “vertical scan-
ning”) 1 each of a forward path and a backward path of and
performs scanning in the horizontal direction (heremafter
also simply referred to as “horizontal scanning’™) 1n the for-
ward path and the backward path of the vertical scanning to
thereby display (render) an 1mage on the display surface 91a.

The projector 2a adjusts, 1 performing the horizontal
scanning, a deflection angle of the movable plate 411a such
that deflecting width in the horizontal direction of the laser
beam LL (hereinafter also simply referred to as “detlecting,
width of the laser beam (light) LL”’) on the display surface
914 1n a light emission state in which the laser beam LL 1s
emitted from the light source unit 3 (heremafiter also simply
referred to as “light emission state”) 1s the same along the
vertical direction compared with a case 1n which adjustment
(adjustment by an adjusting section) of a deflecting angle

10

15

20

25

30

35

40

45

50

55

60

65

12

around the pivot center axis J1 of the movable plate 411qa
(hereinafter also simply referred to as “deflecting angle of the
movable plate 411a”) 1s not performed. In particular, the
projector 2a desirably adjusts the deflecting angle of the
movable plate 411a such that the deflecting width of the laser
beam LL 1n the light emission state 1s fixed along the vertical
direction. This makes 1t possible to prevent keystone distor-
tion of an image while increasing a time aperture ratio, which
1s a ratio of a period 1n which image rendering 1s performed 1n
one frame. In this embodiment, a case 1n which the detlecting
width 1s adjusted to be fixed along the vertical direction 1s
representatively explained.

The deflecting width (a scanming range) 1s a distance (a
space) 1n the horizontal direction between a position of the
laser beam LL on the same plane as the display surface 91a at
the time when the movable plate 411a pivots to a maximum
angle clockwise (1n a predetermined direction) in the light
emission state and a position of the laser beam LL on the same
plane as the display surface 91a at the time when the movable
plate 411a subsequently pivots to a maximum angle counter-
clockwise (1n a direction opposite to the predetermined direc-
tion). In other words, as shown i FIGS. 7A and 7B, the
deflecting width 1s length 1n the horizontal direction of each of
plural rendering lines (scanning lines) L that 1s a track of the
laser beam LL on the display surface 91a at the time when the
laser beam LL 1s two-dimensionally scanned on the display
surface 91a 1n the light emission state.

As shown 1n FIGS. 7A and 7B, the plural rendering lines L
are arranged in zigzag. Among the rendering lines L, the
rendering lines at the left side end and the right side end are
not suitable for rendering because angular velocity (speed) of
the light reflecting section 411e of the optical scanner 41 1s
small. Therefore, a rendering region (a display region) 911a,
which 1s a region where an 1mage 1s rendered (displayed), 1s
set excluding the left side end and the night side end. The
rendering region 911a 1s set to form, for example, a rectangle
(including a square). FIGS. 7A and 7B are simplified for
convenience of explanation.

When the deflecting angle of the movable plate 411a of the
optical scanner 41 1s fixed, the deflecting width of the laser
beam LL 1n the light emission state changes according to an
angle of the movable plate 421a of the optical scanner 42. The
deflecting width 1s larger as a position 1n the vertical direction
on the display surface 91a on which the laser beam LL 1s
scanned (a position 1n the vertical direction of the rendering
lines L) 1s farther from the projector 2a. Therelfore, the pro-
jector 2a adjusts the deflecting angle of the movable plate
411a according to the angle of the movable plate 421a. Spe-
cifically, as the position 1n the vertical direction on the display
surface 91a on which the laser beam LL 1s scanned (the
position in the vertical direction of the rendering lines L) 1s
tarther from the projector 2a, the projector 2a sets the deflect-
ing angle of the movable plate 411a smaller to thereby fix the
deflecting width of the laser beam LL in the light emission
state along the vertical direction.

In the calibration-curve storing section 57, a calibration
curve of a table, a formula (a function), or the like 1s stored.
The calibration curve indicates a relation between the posi-
tion 1n the vertical direction on the display surface 91a of the
laser beam LL scanned on the display surface 91a (the posi-
tion 1n the vertical direction of the rendering lines L) and the
deflecting angle of the movable plate 411a with which the
deflecting width of the laser beam LL 1s fixed along the
vertical direction in the light emission state. When an image
1s rendered, a target value of the deflecting angle (a target
deflecting angle) 1s calculated by using the calibration curve
on the basis of the position in the vertical direction on the
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display surface 91a of the laser beam LL scanned on the
display surface 91a. The calibration curve can be obtained by
calculation and stored 1n the calibration-curve storing section
57 1n advance.

In the projector 2a, 1t 1s desirable to adjust the angle and the
angular velocity of the movable plate 421a such that a space
in the vertical direction between the rendering lines L adja-
cent to each other among the odd-number-th rendering lines L
from the upper side 1s fixed 1n the rendering region 9114 and,
similarly, a space in the vertical direction between the render-
ing lines L adjacent to each other among the even-number-th
rendering lines L from the upper side 1s fixed. This makes 1t
possible to prevent distortion 1n the vertical direction of an
1mage.

In this embodiment, for example, the angle of the movable
plate 421a 1s adjusted such that the space in the vertical
direction between the rendering lines L adjacent to each other
1s fixed at each of the left side end and the right side end of the
rendering region 911a 1n the start of rendering of the render-
ing lines L. The angular velocity of the movable plate 421a 1s
set to a predetermined value. In other words, the angle of the
movable plate 421a1s adjusted such that a space 1n the vertical
direction between rendering starting points adjacent to each
other 1s fixed in the rendering lines L. The angular velocity of
the movable plate 421a 1s set to a fixed value for each of the
rendering lines L. As the position in the vertical direction of
the rendering lines L 1s farther from the projector 2a, the
angular velocity of the movable plate 421a 1s set small. This
makes 1t possible to prevent distortion in the vertical direction
of an 1image with relatively simple control.

The operation (the action) of the projector 2a 1n rendering
an 1mage on the display surface 91a of the screen 9a 1is
explained below.

First, video data 1s input to the projector 2a. The input
video data 1s temporarily stored in the video-data storing
section 51. Rendering of an 1image 1s performed by using the
video data read out from the video-data storing section 31. In
this case, the rendering of an 1image may be started after all the
video data 1s stored 1n the video-data storing section 51 or the
rendering of an 1mage may be started after a part of the video
data 1s stored 1n the vide-data storing section 51. The video
data may be stored in the video-data storing section 51 1n
parallel to the rendering of an 1mage.

When the rendering of an image 1s started after a part of the
video data 1s stored 1n the video-data storing section 51, first,
video data for at least one frame, desirably, two or more
frames (e.g., two frames) 1s stored 1n the video-data storing
section 51. Thereatter, the rendering of an image 1s started. A
reason for this 1s as explained below. In the projector 24, since
the horizontal scanning 1s performed 1n each of the forward
path and the backward path of the vertical scanning to render
an 1mage (hereinatiter also simply referred to as “reciprocat-
ing rendering in the vertical direction™) and, as explained
later, readout order of the video data from the video-data
storing section 51 1s reversed when an 1image 1s rendered 1n the
torward path of the vertical scanning and when an 1mage 1s
rendered 1n the backward path of the vertical scanning. There-
fore, when the rendering of an 1image 1s started in the back-
ward path of the vertical scanning, 1n order to read out the
video data from the opposite side, at least the video data for
one frame used for the rendering of an 1mage 1n the backward
path needs to be stored 1n the video-data storing section 51.

The rendering-timing generating section 53 generates ren-
dering timing information and rendering line information.
The rendering timing information 1s sent to the video-data
calculating section 52. The rendering line information 1s sent
to the detlecting-angle calculating section 35.
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The rendering timing information includes information
concerning timing for performing rendering. The rendering
line information includes mformation concerning a position
in the vertical direction of the rendering line L on which
rendering 1s performed (an angle of the movable plate 421q).
A position of any section of the rendering line L. may be set as
the position 1n the vertical direction of the rendering line L.
For example, the position 1s the tip on the left side, the tip on
the left side, or the center.

The video-data calculating section 52 read out, on the basis
of the rendering timing information mput from the rendering-
timing generating section 53, video data corresponding to a
pixel to be rendered from the video-data storing section 31
and, after performing various kinds of correction calculation
and the like, sends luminance data of the colors to the light-

source modulating section 54.

The light-source modulating section 54 performs, on the
basis of the luminance data of the colors mput from the
video-data calculating section 352, modulation of the light
sources 3207, 320¢g, and 3205 via the driving circuits 3107,
310g, and 310b. In other words, the light-source modulating
section 54 turns on and off the light sources 3207, 320¢g, and
320H6 and performs, for example, adjustment (increase or
decrease) of an output.

The angle detecting section 43 on the optical scanner 41
side detects an angle and a deflecting angle of the movable
plate 411a and sends information concerning the angle and
the deflecting angle (angle information of the movable plate
411a) to the rendering-timing generating section 53 and the
deflecting-angle calculating section 55 of the distortion cor-
recting section 5. The angle detecting section 44 on the optical
scanner 42 side detects an angle of the movable plate 4214
and sends information concerning the angle (angle informa-
tion of the movable plate 421a) to the angle indicating section
56 of the distortion correcting section 5.

When the current rendering of the rendering line L ends
and the mformation concerning the detflecting angle of the
movable plate 4114 1s input from the angle detecting section
43, 1n synchronization with the input of the information, the
rendering-timing generating section 33 sends, to the angle
indicating section 56, target angle information (angle indica-
tion) indicating a target angle of the movable plate 421a at the
time when the laser beam LL 1s irradiated on a rendering start
point of the rendering line L. on which rendering 1s performed
next. The target angle of the movable plate 4214 1s set such
that a space 1n the vertical direction between rendering start
points adjacent to each other 1s fixed. The angle indicating
section 56 compares the angle of the movable plate 421a
detected by the angle detecting section 44 and the target angle
of the movable plate 4214, performs correction to reduce a
difference between the angels to zero, and sends driving data
to a driving section 427 of the optical scanner 42.

The driving section 427 drives the optical scanner 42 (ap-
plies voltage to the coil) on the basis of the driving data.
Consequently, when the laser beam LL 1s irradiated on the
rendering start point, the angle of the movable plate 421a
reaches the target angle.

In this embodiment, in the rendering lines L, the angular
velocity of the movable plate 421a may be fixed from a
rendering start point to a rendering end point and the scanning
speed 1n the vertical direction of the laser beam LL may be
fixed. The angular velocity of the movable plate 421a may be
gradually changed and the scanning speed in the vertical
direction of the laser beam LL may be gradually changed.

The rendering-timing generating section 33 sends the ren-
dering line information, 1.e., information concerning a posi-
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tion 1n the vertical direction of the rendering line L on which
rendering 1s performed next to the detlecting-angle calculat-
ing section 55.

The deflecting-angle calculating section 55 calculates,
using the calibration curve read out from the calibration-
curve storing section 57 and on the basis of the information
concerning the position 1n the vertical direction of the render-
ing line L for performing rendering next input from the ren-
dering-timing generating section 53, a target deflecting angle
of the movable plate 411a 1n the rendering line L on which the
rendering 1s performed next. The deflecting-angle calculating,
section 55 sends, on the basis of the information concerning
the detlecting angle of the movable plate 411a input from the
angle detecting section 43 and the target detlecting angle of
the movable plate 411a, the driving data to the driving section
417 of the optical scanner 41 such that the deflecting angle of
the movable plate 411a reaches the target deflecting angle.

The driving section 417 applies, on the basis of the driving
data, eflective voltage having a frequency same as the reso-
nant frequency of the optical scanner 41 to the coil 415 and
teeds electric current to the coil 415, generates a predeter-
mined magnetic field, and changes the magnitude of effective
current and a phase difference between the optical scanner 41
and a driving waveform to supply energy to the optical scan-
ner and deprive energy from the optical scanner 41. Conse-
quently, the detlecting angle of the resonating movable plate
411a reaches the target deflecting angle. In this way, the
driving section 417 sequentially scans the laser beam LL on
the rendering lines L 1n the rendering region 911a and renders
an 1image while adjusting the deflecting angle of the movable
plate 411a such that the deflecting angle of the movable plate
411a reaches the target deflecting angle on the basis of the
information concerning the detlecting angle of the movable
plate 411a detected by the angle detecting section (a detection
result) and the target deflecting angle (a target value).

The rendering-timing generating section 533 performs man-
agement concerning whether a frame 1n which rendering 1s
performed 1s an odd-number frame (an odd-number-th frame)
or an even-number frame (an even-number-th {frame) and
determines a pivoting direction (a moving direction) of the
movable plate 421q and readout order for video data from the
video-data storing section 51 according to the management.
Specifically, the rendering-timing generating section 53
reverses the readout order for video data when an 1image 1s
rendered 1n the odd-number frame (1n the forward path of the
scanning 1n the vertical direction) and when an image 1s
rendered in the even-number frame (1n the backward path of
the scanning 1n the vertical direction).

The rendering-timing generating section 33 scans the laser
beam LL on the same line of the display surface 91a in the
odd-number frame and the even-number frame. In other
words, the rendering-timing generating section 33 scans the
laser beam LL such that the rendering lines L of the odd-
number frame and the rendering lines L of the even number
frame coincide with each other.

Specifically, for example, as shown 1n FIGS. 7A and 7B,
concerning a first frame (an odd-number-th frame), the ren-
dering-timing generating section 53 starts rendering from the
upper left and performs the rendering to the lower right in
zigzag. Concerning a second frame (an even-number-th
frame), the rendering-timing generating section 53 reverses
the pivoting direction of the movable plate 421a and performs
rendering from the lower right to the upper left 1n a manner
opposite to that explained above. Therealter, in the same
manner, concerning odd-number-th frames, the rendering-
timing generating section 33 performs rendering from the
upper leit to the lower right and, concerning even-number-th
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frames, the rendering-timing generating section 53 performs
rendering from the lower right to the upper leit.

In this embodiment, the forward path of the scanming 1n the
vertical direction 1s the odd-number frame and the backward
path of the scanning in the vertical direction 1s the even-
number frame. However, the invention 1s not limited to this.
The backward path of the scanning 1n the vertical direction
may be the odd-number frame and the forward path of the
scanning in the vertical direction may be the even-number
frame.

In this embodiment, the position where rendering 1s started
for the first frame 1s the upper left. However, the invention 1s
not limited to this. The position may be, for example, upper
right, the lower left, or the lower right.

The laser beam LL may be scanned on different lines of the
display surface 91a 1n the odd-number frame and the even-
number frame.

A change with time of the deflecting angle of the movable
plate 411a and a change with time of the deflecting angle of
the movable plate 421a 1n the rendering of an 1mage are as
explained below.

In the horizontal scanning, as shown in FIG. 8, the deflect-
ing angle of the movable plate 411a gradually increases from
a minimum detlecting angle, after reaching a maximum
deflecting angle, gradually decreases, and, after reaching the
minimum deflecting angle, gradually increases again. There-
after, the deflecting angle repeats the increase and the
decrease 1n the same manner. In this way, 1n the projector 2a,
the deflecting angle of the movable plate 411a does not sud-
denly change. Therefore, 1t 1s possible to easily and surely
adjust the deflecting angle of the movable plate 411a of the
optical scanner 41 caused to operate making use of resonance.

In the vertical scanning, as shown 1n FIG. 9, the deflecting
angle of the movable plate 421a gradually increases from a
minimum deflecting angle, after reaching a maximum
deflecting angle, gradually decrease, and, after reaching the
minimum detlecting angle, gradually increases again. There-
after, the deflecting angle repeats the increase and the
decrease 1n the same manner. In this way, in the projector 2a,
the deflecting angle of the movable plate 421a does not sud-
denly change. Therefore, 1t 1s possible to easily and surely
adjust the deflecting angle of the movable plate 421a of the
optical scanner 42. A non-display period (non-rendering
period) 1n which rendering of an 1mage 1s not performed 1s
provided between a display period (a rendering period) in
which rendering of an 1mage 1s performed in the odd-number
frame (the forward path of the scanning 1n the vertical direc-
tion) and a display period 1in which rendering of an 1mage 1s
performed 1n the even-number frame (the backward path of
the scanming 1n the vertical direction). In this non-display
period, 1t 1s possible to adjust timings such as timing for
starting rendering in the next frame.

Rendering of an image 1s performed 1n both the forward
path and the backward path of the scanning in the vertical
direction, 1.e., when the movable plate 4214 1s p1ivoted in the
predetermined direction and when the movable plate 421a 1s
pivoted 1n the direction opposite to the predetermined direc-
tion. Therefore, a vertical blanking period in the past 1s unnec-
essary and the non-display period can be reduced. This makes
it possible to increase the time aperture ratio (a ratio of a
period 1n which rendering of an 1mage 1s performed).

In other words, 1t 1s possible to reduce the non-display
period in the vertical direction in one frame by performing the
reciprocating rendering. Consequently, the time aperture
ratio in the vertical scanning increases. When the angular
velocity (speed) of the movable plate 4114 1s the same as that
in performing the horizontal scanning only in the forward
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path of the vertical scanning to render an 1mage, 1t 1s possible
to increase the number of frames per unit time compared with
that in rendering an 1mage only 1n the forward path. This
makes 1t possible to easily cope with quick movement 1n a
moving 1mage. In other words, when the number of frames
per unit time 1s the same as that 1n performing the horizontal
scanning only 1n the forward path 1n the vertical direction to
render an 1mage, it 1s possible to reduce the angular velocity
of the movable plate 411a compared with that 1n rendering an
image only in the forward path. This makes 1t possible to
stably render an image. In the above case, when the angular
velocity of the movable plate 4114 1s not changed, rendering,
with higher vertical resolution 1s possible.

Actually, for example, in some case, inertia (inertia
moment) of the movable plates 411a and 421a of the optical
scanners 41 and 42 1s large and the movable plates 411a and
421a do not mstantaneously follow the optical scanners 41
and 42. In such a case, 1n some case, driving current for the
optical scanners 41 and 42 1s set to zero or the optical scanners
41 and 42 are driven in the opposite phase (braking).

As explained above, with the projector 2a, 1t 1s possible to
prevent keystone distortion of an 1mage with the distortion
correcting section 5 without suddenly changing the detlecting
angle of the movable plates 411a and 421a while increasing
the time aperture ratio.

The horizontal scanning 1s performed to render an 1mage in
cach of the forward path and the backward path of the vertical
scanning. Therefore, 1t 1s unnecessary to suddenly change the
deflecting angle of the movable plate 421a when the forward
path 1s switched to the backward path in the vertical scanming
and when the backward path 1s switched to the forward path.
This makes 1t possible to easily and surely adjust the deflect-
ing angle of the movable plate 421a.

Modification of the Operation of the Projector

A modification of the projector 2a 1s explained with refer-
ence to F1G. 10.

In the projector 2a shown 1 FIGS. 10A and 10B, the
deflecting width of the laser beam LL 1s not fixed along the
vertical direction 1n the light emission state. However, the
projector 2a adjusts the deflection angle of the movable plate
411a such that the deflecting width in the horizontal direction
of the laser beam LL 1s the same along the vertical direction
in the light emission state compared with a case 1n which
adjustment of the movable plate 4114 1s not performed. Con-
sequently, the width on the upper side of a renderable region
912a 1n which an 1image can be rendered decreases, the shape
of the renderable region 912a 1s set close to a rectangle
(including a square), and a non-rendering region can be
reduced.

In the projector 2a, a rectangular rendering region 911a 1s
set on the display surface 91aq, 1.e., in the renderable region
912a. The driving of the light source unit 3 1s controlled such
that the laser beam LL emitted from the light source unit 3 1s
projected (irradiated) in the rendering region 911a. This
makes 1t possible to prevent keystone distortion of an image.

The configuration of the projectors 2a and 26 explained
above 1s relatively simple because the optical scanners 41 and
42 (the light scanning section 4) are used. Since the laser
beam 1s used, the projectors 2a and 25 are focus-iree and can
perform near projection and adjust a projection position to an
arbitrary position without being limited by a setting position.
If the laser beam 1s used, an optical system such as a lens for
converting the laser beam 1nto parallel rays can be omitted or
simplified. Therefore, it 1s possible to realize a reduction 1n
s1ze of the image forming apparatus 1 as well as areduction in
s1ze of the light source unit 3 (the light emitting section).
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Such projectors 2a and 25 are provided near the screens 9a
and 96 and display (render) images on the display surfaces
91a and 9156 with near projection. This makes 1t possible to
reduce optical path length of the laser beams LL emitted from
the projectors 2a and 2b. Therefore, 1t 1s possible to display a
denser image (a high-pixel image). Further, 1t 1s possible to
more surely scan the laser beams LL 1n desired positions of
the display surfaces 91a and 915 and prevent the laser beam
LL emitted from the projector 2a from being blocked by
pedestrians or the like. Therefore, 1t 1s possible to display
desired 1images respectively on the display surfaces 91a and
916 without being affected by the peripheral environment
(population density, etc.).

In this embodiment, both the projectors 2a and 25 are
housed 1n the housing 11 and provided 1n positions relatively
close to each other. However, the projectors 2a and 256 may be
provided to be substantially spaced apart from each other. The
arrangement ol the projectors 2a and 256 1s not specifically
limited. For example, the projectors 2a¢ and 26 may be
arranged 1n positions distant from the screens 9a and 95 (i.¢.,
do not have to perform near projection).

The display surface 91a as the first display section and the
display surface 915 as the second section are set notto overlap
cach other. Consequently, since the display surface 91a and
the display surface 915 are individually recognized as
regions, 1t 1s possible to cause people to easily recognize the
presence ol an 1mage.

In this embodiment, the display surface 91q and the display
surface 915 are spaced apart from each other. However, the
display surface 91a and the display surface 915 may be set 1n
contact with each other. A part of the display surface 91a and
a part of the display surface 915 may overlap each other.

In this embodiment, as explained above, the screens 9a and
95 are set on the floor surface F1 of the floor F. However, the
projector 2a 1s set on the wall surface W1 of the wall W
orthogonal to the tloor F.

In other words, the floor surface F1 (the first surface) and
the wall surface W1 (the second surface) are orthogonal to
cach other, the display surface 91a (the first display section)
and the display surface 915 (the second display section) are
set on the floor surtace F1 (the same plane), and the projectors
2a and 2b are set on the wall surface W1.

This makes it possible to reduce optical path length of light
emitted from the projectors 2a and 26 compared with a case 1n
which the projectors 2a and 26 are provided on one of two
surfaces (e.g., a tloor surface and a ceiling surface) parallel to
cach other and the display surfaces 91a and 915 are set on the
other. Therefore, 1t 1s possible to prevent or suppress the light
emitted from the projectors 2a and 25 from being blocked by
pedestrians or the like. As a result, 1t 1s possible to display
desired 1mages respectively on the display surfaces 91a and
916 without being affected by the peripheral environment
(population density, etc.). Since the setting surface of the
projectors 2a and 25 1s the wall surface W1, 1t 1s possible to
prevent or suppress the projectors 2a and 26 from obstructing,
for example, walking of pedestrians.

Since the projectors 2a and 25 are set on the wall surface
W1 and the display sections 91a and 915 are set on the floor
surface F1, 1t 1s possible to cause people present around the
image forming apparatus 1 to easily recognize the presence of
an 1mage on the mside or the outside of a building. Therefore,
for example, when an 1mage for advertisement such as a
commercial or promotion video 1s used as a displayed image,
the 1mage forming apparatus 1 can show an excellent adver-
tisement function.

The clearance between the display section 91a and the
projector 2a and the clearance between the display section
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915 and the projector 26 are the same. This makes 1t possible
to relatively easily correct distortion of images on the display
section 91a and the display section 915. The clearances may
be different from each other.

Human Sensor

As shown 1n FIG. 2, the human sensor (the moving object
detection sensor) 7 includes a sensor section 71, a storing
section 72, and a determining section 73. Such a human
sensor 7 has a function of detecting whether a person (a
moving object) 1s present in each of a first detection region S1
and a second detection region S2. Such a human sensor 7 1s
housed 1n the housing 11 (however, for example, a part of the
sensor section 71 may be exposed from the housing 11 such
that a function of the sensor section 71 can be shown) and
provided near the screens 9a and 956. In this embodiment, the
human sensor 7 1s housed 1n the housing 11. However, the
invention 1s not limited to this. The human sensor 7 may be
provided separately from the housing 11.

The sensor section 71 can detect presence or absence of a
person near the sensor section 71 and can measure the clear-
ance between the sensor section 71 and the detected person
and the direction of the person. The sensor section 71 1s not
specifically limited as long as the function explained above
can be shown. For example, an infrared ray sensor that makes
use of an infrared ray and an ultrasonic sensor that makes use
of ultrasound can be used. A sensor obtained by combining
the infrared ray sensor and the ultrasonic sensor can also be
used.

The infrared ray sensor 1s a sensor that detects, when an
object (a person) having a temperature difference from the
atmospheric temperature moves 1nto a detection area, a tem-
perature change in the detection area using an infrared ray to
thereby detect presence or absence of a person near the sensor
section 71 and a distance to the person. On the other hand, the
ultrasonic sensor 1s a sensor that transmuits ultrasound with an
echo sounder transmitter, receives a reflected wave with an
acoustic receiver, and calculates a relation between time
required from the transmission to the reception and sound
speed to thereby detect presence or absence of a person near
the sensor section 71 and a distance to the person.

Among these sensors, a single sensor having directivity 1s
used or plural sensors having directivity are used 1n combi-
nation, whereby it 1s possible to detect only a person present
1n a region 1n a specific direction from the sensor section 71.

The first detection region S1 and the second detection
region S2 as regions in which presence or absence of a person

1s determined are set in the storing section 72.

As shown in FIG. 11, the first detection region S1 1s set to
include the screen 9a (the display surface 91a) when viewed
from a vertical line direction (above). Since the first detection
region S1 1s set to mclude the screen 9a 1n this way, it 1s
possible to surely detect the presence of a person near the
screen 9a without overlooking the person.

The first detection region S1 1s formed in, when viewed
from above 1n the vertical direction, a fan shape extending to
a predetermined distance from the sensor section 71 to the
display section 91a while expanding at a predetermined
spread angle. This makes it possible to detect only a person
present near the display surface 91a.

The shape and the size of the first detection region S1 are
determined according to conditions such as setting positions
of the projectors 2a and 26 and the screens 9a and 95 and
content and the size of a displayed 1image and are not specifi-
cally limited. For example, the shape of the first detection
region S1 may be a semicircular shape with the sensor section
71 set as the sensor, may be a polygonal shape such as a
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rectangle or a square, or may be a shape with the center
portion of the display surface 91a of the screen 9a set as the
center.

The size (a radius SR1) of such a first detection region S1
1s desirably size enough for a person present 1n a most distant
position from the screen 9a 1n the first detection region S1 to

recognize (1dentily) image content displayed on the display
surface 91a. Consequently, all people present in the first
detection region S1 can recognize content of an 1mage dis-
played on the display surface 91a. The “size enough for a
person to identily content of an image” means that, for
example, when the image displayed on the display surface
91a 1s a human face, 1t 1s suificient that sex, approximate age,
and the like can be discriminated and, when the 1mage dis-
played on the display surface 91a 1s a character, 1t 1s sufficient
that the character can be recognized.

The second detection region S2 1s set to include the screen
96 (the display surface 915) when viewed from above 1n the
vertical line direction. Since the second detection region S2 1s
set to include the screen 95, 1t 1s possible to surely detect the
presence of a person near the screen 95 without overlooking
the person.

The second detection region S2 1s set not to overlap the first
detection region S1. This makes 1t possible to easily and
surely detect a person present near the display surface 91a and
a person present near the display surtace 915 independently
from each other.

In this embodiment, the second detection region S2 has
shape and size same as those of the first detection region S1.
This makes 1t possible to detect a person H with the same
processing when the person H i1s present near the display
surface 91a and when the person H 1s present near the display
surface 91b. Therefore, 1t 15 possible to realize stmplification
ol the configuration of the human sensor 7 and simply, surely,
and appropriately switch the first state and the second state.

The shape and the size of the second detection region S2
are also determined according to conditions such as setting
positions ol the projectors 2a and 25 and the screens 9a and 956
and content and the size of a displayed 1mage and are not
specifically limited. For example, the shape of the second
detection region S2 may be a semicircular shape with the
sensor section 71 set as the center, may be a polygonal shape
such as a rectangle or a square, or may be a shape with the
center portion of the display surface 91a of the screen 9a set
as the center. The shape and the size of the second detection
region S2 may berespectively different from those of the first
detection region S1.

The size (a radius SR2) of such a second detection region
S2 1s desirably size enough for a person present in a most
distant position from the screen 96 1n the second detection
region S2 to recognize (1dentily) image content displayed on
the display surface 91b. Consequently, all people present in
the second detection region S2 can recognize content of an
image displayed on the display surface 915.

When the sensor section 71 detects the presence of a per-
son, the determining section 73 determines, on the basis of the
clearance between the person and the sensor section 71 (here-
iafter simply referred to as “clearance D””) and the direction
of a segment connecting the sensor section 71 and the person
(heremafiter simply referred to as “direction”), in which of the
first detection region S1 and the second detection region S2
stored 1n the storing section 72 the person i1s located. The
determining section 73 transmits a result of the determination
to the control section 8. Such determination by the determin-
ing section 73 may be performed on a real time basis (con-
tinuously) or may be performed intermittently.
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Specifically, the radius SR1 and the direction of the first
detection region S1 and the radius SR2 and the direction of
the outer circumierence of the second detection region S2 are
stored 1n the storing section 72. If the clearance D 1s smaller
than the radius SR1 and the direction 1s within a predeter-
mined first range, the determining section 73 determines that
the person 1s located 1n the first detection region S1. If the
clearance D 1s smaller than the radius SR2 and the direction 1s
within a predetermined second range different from the first
range, the determining section 73 determines that the person
1s located 1n the second detection region S2. In this embodi-
ment, since the sensor section 71 1s provided near the screens
9a and 9b, the clearance D can be regarded as the clearance
between the screens 9a and 95 (the centers of the display
surfaces 91a and 915) and the person. Therefore, with the
determining method explained above, 1t 1s possible to more
accurately determine in which of the first detection region S1
and the second detection region S2 the person 1s located.

The human sensor 7 1s explained above. The configuration
of the human sensor 7 i1s not limited to the configuration
explained above. For example, as the sensor section 71, a
sensor that cannot measure the clearance between the sensor
and a detected person may be used. In this case, for example,
a first sensor and a second sensor having directivity are pre-
pared. A detection region of the first sensor 1s set to include
the display section 91a and set as the first detection region S1.
A detection region of the second sensor 1s set to include the
display section 915 and set as the second detection region S2.
This makes 1t possible to determine, when the first sensor
detects the presence of a person, that the person 1s present 1n
the first detection region S1 and determine, when the second
sensor detects the presence of a person, that the person 1s
present 1n the second detection region S2. In this case, the
storing section 72 can be omitted.

For example, as the sensor section 71, one or plural first
pressure sensors set under the floor of the first detection
region S1 and one or plural second pressure sensors set under
the tloor of the second detection region S2 may be used. In
this case, the sensor section 71 only has to determine, 11 the
first pressure sensors react, that a person 1s located 1n the first
detection region S1 and determine, 1f the second pressure
sensors react, that a person 1s located 1n the second detection
region S2. In this case, as in the case explained above, the
storing section 72 can be omitted.

The sensor section 71 1s not limited to one sensor section 71
in this embodiment. Two or more sensor sections 71 may be
arranged. This 1s advantageous when the entire region of the
first detection region S1 and the second detection region S2
cannot be covered by the one sensor section 71.

Control Section

The control section 8 controls the driving of the projectors
2a and 26 on the basis of a detection result of the human
sensor 7. Specifically, the control section 8 controls the driv-
ing of plural projectors (the first projector 2a and the second
projector 2b6) such that a position where an 1image 1s displayed
1s changed.

In particular, the control section (a switching section) 8 has
a Tunction (capability) for switching, on the basis of a detec-
tion result of the human sensor 7, at least two states among a
first state 1n which the projector 2a displays an 1image on the
display surface 91a and the projector 26 does not display an
image on the display surface 915, a second state 1n which the
projector 2a does not display an 1mage on the display surface
91a and the projector 26 displays an 1image on the display
surtace 915, a third state 1n which the projector 2a does not
display an 1image on the display surface 91a and the projector
2b6 does not display an image on the display surface 915, and
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a Tourth state in which the projector 2a displays an 1mage on
the display surface 91a and the projector 26 displays an image
on the display surface 91b.

Specifically, the control section 8 switches, on the basis of
whether a person is present 1n each of the first detection region
S1 and the second detection region S2, at least two states
among a first state 1n which an 1mage 1s displayed on the
display surface 91a as shown in FIG. 12 A (hereinafter simply
referred to as “first state™), a second state in which an 1image
1s displayed on the display surface 915 as shown in FI1G. 12B
(heremafiter simply referred to as “second state”), a third state
in which images are displayed on the display surfaces 91a and
9156 as shown 1n FI1G. 12C (heremafter simply referred to as
“third state”), and a fourth state 1n which no 1image 1s dis-
played on either of the display surfaces 91a and 915 (herein-
alter simply reterred to as “fourth state™).

This makes it possible to switch a display position of an
image according to the movement of a person. As a result, 1t
1s possible to cause the person to more easily recognize the
presence of the image.

In particular, since the image forming apparatus 1 performs
display of an 1mage on the display surface 91a and display of
an 1mage on the display surface 915 using the separate pro-
jectors, 1t 1s possible to increase variations of positions where
images are displayed. Therefore, 1t 1s possible to make the
elfect explained above (the effect of improving visibility of
the presence and content of an 1mage) more conspicuous. For
example, compared with a case in which one projector 1s
used, there 1s an advantage that distortion correction for
images on the display surfaces 91a and 915 can be easily
performed.

More specifically, when the human sensor 7 detects the
presence ol a person in the first detection region S1, the
control section 8 switches the image forming apparatus 1 to
the first state. When the human sensor 7 does not detect
presence ol a person in the first detection region S1, the
control section 8 switches the image forming apparatus 1 to
the second state. This makes 1t possible to cause a person
present in the first detection region S1 to easily recognize the
presence ol an 1mage on the display surface 91a. In particular,
as explained above, since the display surface 91a i1s set in the
first detection region S1, 1t 1s possible to cause the person
present 1n the first detection region S1 to more easily recog-
nize the presence of the image on the display surface 91a.

When the human sensor 7 detects the presence of a person
in the second detection region S2, the control section 8
switches the 1image forming apparatus 1 to the second state.
When the human sensor 7 does not detect presence of a person
in the second detection region S2, the control section 8
switches the image forming apparatus 1 to the first state. This
makes it possible to cause a person present 1n the second
detection region S2 to easily recognize the presence of an
image on the display surface 915. In particular, as explained
above, since the display surface 915 1s set 1n the second
detection region S2, 1t 1s possible to cause the person present
in the second detection region S2 to more easily recognize the
presence ol the image on the display surface 91b.

When the human sensor 7 detects the presence of people in
both the first detection region S1 and the second detection
region S2, the control section 8 only has to give priority to the
detection 1n one of the detection regions according to timing
of the detection. For example, after the human sensor 7
detects the presence of a person 1n the first detection region
S1, when the human sensor 7 detects the presence of a person
in the second detection region S2, even 1f these detection
states continue and the human sensor 7 detects the presence of
people 1n both the first detection region S1 and the second
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detection region S2, the control section 8 switches the image
forming apparatus 1 to the second state. Conversely, after the
human sensor 7 detects the presence of a person 1n the second
detection region S2, when the human sensor 7 detects the
presence of a person 1n the first detection region S1, even 1
these detection states continue and the human sensor 7 detects

the presence of people 1n both the first detection region S1 and
the second detection region S2, the control section 8 switches
the 1mage forming apparatus 1 to the first state.

When the human sensor 7 detects the presence of a person
in both the first detection region S1 and the second detection
region S2, the control section 8 may switch the image forming,
apparatus 1 to the fourth state without giving priority to
detection 1n one ol the detection regions or may switch at least
two states among the first state, the second state, and the
fourth state at a predetermined time interval. The control
section 8 may perform such switching to the fourth state and
switching at the predetermined time interval only when a state
in which the human sensor 7 detects the presence of a person
in both the first detection region 51 and the second detection
region S2 1s maintained for time equal to or longer than the
predetermined time.

When the human sensor 7 does not detect the presence of a
person 1n both the first detection region 51 and the second
detection region S2, the control section 8 may switch the
image forming apparatus 1 to any one of the first state, the
second state, and the fourth state or may switch at least two
states of the first state, the second state, and the fourth state at
a predetermined time interval. When the control section 8
switches the states at the predetermined time interval, the
control section 8 may perform the switching only when a state
in which the human sensor 7 does not detect the presence of
a person 1n both the first detection region S1 and the second
detection region S2 1s maintained for time equal to or longer
than the predetermined time.

The control section 8 can control the driving of the projec-
tors 2a and 25 such that an 1mage 1s not displayed on both the
display surfaces 91a and 915 (the image forming apparatus 1
1s switched to the third state) when the state 1n which the
human sensor 7 does not detect the presence of a person in
both the first detection region S1 and the second detection
region S2 1s maintained for the time equal to or longer than the
predetermined time. In other words, the control section 8
controls the operation of the projectors 2a and 256 such that
images are displayed on the display surfaces 91a and 915 only
when the human sensor 7 detects the presence of a person in
the first detectionregion S1 or the second detectionregion S2.

With such control, 1t 1s possible to prevent useless driving,
of the projectors 2a and 25 for displaying images on the
display surfaces 91a and 915 regardless of the fact that a
person who 1s likely to recognize images displayed on the
display surfaces 91a and 915 1s not present. In other words, 1t
1s possible to realize power saving driving of the image form-
ing apparatus 1 and realize extension of the life of the projec-
tors 2a and 256 by eliminating the useless driving of the pro-
jectors 2a and 2b.

For example, the human sensor 7 detects the presence of a
person who enters the first detection region S1 or the second
detection region S2 and 1mages are displayed on the display
surfaces 91a and 91, 1t 1s likely that the person 1s interested 1n
the 1mages suddenly displayed on the display surfaces 91a
and 915 and stares at the images displayed on the display
surtaces 91a and 91b. Therelfore, by performing the control
explained above, 1t 1s possible to make a person passing near
the screens 9a and 95 interested in the images displayed on
the display surfaces 91a and 91b5. For example, when the
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images are advertisement such as a commercial or promotion
video, 1t 1s possible to show an excellent advertisement efiect.

The control section 8 may pertform the switching of the first
state and the second state on the basis of whether a person 1s
present in the first detection region S1. In this case, when a
person 1s present in the first detection region S1, the control
section 8 only has to switch the 1mage forming apparatus 1 to
the first state. When no person 1s present in the first detection
region S1, the control section 8 only has to switch the image
forming apparatus 1 to the second state.

Similarly, the control section 8 may perform the switching,
ol the first state and the second state on the basis of whether a
person 1s present 1n the second detection region S2. In this
case, when a person 1s present 1n the second detection region
S2, the control section 8 only has to switch the image forming
apparatus 1 to the second state. When no person 1s present 1n
the second detection region S2, the control section 8 only has
to switch the image forming apparatus 1 to the first state.

When the control section 8 switches the projectors 2a and
2b to the first state and the second state on the basis of only
whether a person 1s present one of the first detectionregion S1
and the second detection region S2 1n this way, 1t 1s also
possible to switch a display position of an 1mage according to
the movement of a person. As a result, 1t 1s possible to cause
the person to more easily recognize the presence of the image.
It 1s possible to display images on the display surfaces 91a
and 915 only when necessary. As a result, 1t 1s possible to
realize power saving.

With the image forming apparatus 1 according to this
embodiment explained above, by changing a position where
an 1mage 1s displayed, even if areas of the display surfaces
91a and 9156 are relatively small, 1t 1s possible to cause a
person present around the image forming apparatus 1 to eas-
1ly recognize the presence of the image.

It 1s possible to improve expression power by the image by
changing the position where the 1mage 1s displayed.

In particular, since the image forming apparatus 1 performs
display of an image on the display surface 91a and display of
an 1mage on the display surface 915 using the separate pro-
jectors, 1t 1s possible to increase variations of positions where
images are displayed. Therefore, 1t 1s possible to make the
elfect explained above (the effect of improving visibility of
the presence and content of an 1mage) more conspicuous.

Consequently, even if a displayed image 1s small, the image
forming apparatus 1 can cause a person to easily recognize the
presence of the image and can improve expression power by
the 1mage.

Second Embodiment

A second embodiment of the image forming apparatus
according to the invention 1s explained below.

FIG. 13 1s a diagram showing the second embodiment of
the 1mage forming apparatus according to the mnvention.

In the following explanation, concerning the 1mage form-
ing apparatus according to the second embodiment, differ-
ences from the first embodiment are mainly explained. Expla-
nation of matters same as those in the first embodiment 1s
omitted.

The 1mage forming apparatus according to the second
embodiment 1s substantially the same as the 1image forming
apparatus according to the first embodiment except that the
screens are not provided. In FIG. 13, components same as
those 1n the first embodiment are denoted by the same refer-
ence numerals and signs.

As shown 1n FIG. 13, the image forming apparatus 1 selec-
tively displays image 1n a display area (a first display section)
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F11 seton the floor surface F1 ofthe tloor F and a display area
(a second display section) F12 set in a position different from
the position of the display area F11 on the tloor surface F1.

Since an 1mage 1s directly displayed on the floor surface F1
in this way, 1t 1s unnecessary to arrange the screens unlike the
first embodiment. Therefore, 1t 1s possible to realize a reduc-
tion 1n cost. Further, since an image can be displayed any-
where on the floor surface F1, convemence of the image
forming apparatus 1s improved.

According to the second embodiment, it 1s possible to
realize eflects same as those 1n the first embodiment.

Third Embodiment

FIG. 14 1s a diagram showing a third embodiment of the
image forming apparatus according to the mvention.

In the following explanation, concerning the image form-
ing apparatus according to the third embodiment, differences
from the embodiments explained above are mainly explained.
Explanation of matters same as those in the embodiments 1s
omitted.

The 1mage forming apparatus according to the third
embodiment 1s substantially the same as the image forming
apparatus according to the second embodiment except that
the arrangement of the first display section, the second dis-
play section, and the image forming apparatus 1s different. In
FIG. 14, components same as those i the embodiments
explained above are denoted by the same reference numerals
and signs.

As shown in FIG. 14, display areas C11 and C12 are
provided on a ceiling surface C1 of a ceiling C. On the other
hand, the image forming apparatus 1 i1s provided on the wall
W. More specifically, the image forming apparatus 1 1s pro-
vided near a boundary portion between the wall W and the
ceiling C.

In this embodiment, the display areas and the image form-
ing apparatus 1 are set to be vertically reversed from those 1n
the second embodiment.

Such an 1mage forming apparatus 1 selectively displays an
image 1n the display area (the first display section) C11 set on
the ceiling surface C1 and the display area (the second display
section) C12 set1n a position different from the position of the
display area C11 of the ceiling surface C1. In an example
shown 1n FIG. 14, an 1image 1s displayed 1n the display areas
C11 and C12 with the bottom of the image set on the image
forming apparatus 1 side.

In this embodiment, optical paths of the laser beams LL
emitted from the projectors 2a and 25 can be set to avoid a
region where people pass. Therefore, 1t 1s possible to surely
prevent the laser beams LL emitted from the projectors 2a and
2b6 from being blocked by pedestrians or the like.

According to the third embodiment, it 1s possible to realize
elfects same as those in the first embodiment.

Fourth Embodiment

A fourth embodiment of the image forming apparatus
according to the mvention 1s explained below.

FI1G. 15 1s a diagram showing the fourth embodiment of the
image forming apparatus according to the mvention.

In the following explanation, concerning the image form-
ing apparatus according to the fourth embodiment, differ-
ences from the embodiments explained above are mainly
explained. Explanation of matters same as those 1n the
embodiments 1s omitted.

The 1mage forming apparatus according to the forth
embodiment 1s substantially the same as the 1image forming
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apparatus according to the first embodiment except that the
arrangement of the first display section, the second display
section, and the 1mage forming apparatus 1s different. In FIG.
15, components same as those 1n the embodiments explained
above are denoted by the same reference numerals and signs.

As shown in FIG. 15, an image forming apparatus 1A
selectively displays an 1image 1n a display area (the first dis-
play section) W11 set on the wall surface W1 of the wall W
and a display area (the second display section) W12 set 1n a
position different from the position of the display area W11
on the wall surface W1.

The image forming apparatus 1A 1s set on the wall surface
W1. In other word, the image forming apparatus 1A 1s set on
the same plane as the display areas W11 and W12.

With such arrangement, 1t 1s possible to reduce optical path
length of light emitted from the projectors 2a and 26 com-
pared with a case 1n which the projectors 2a and 25 are set on
one of two surfaces parallel to each other and the display
surfaces 91a and 915 are set on the other. Therefore, 1t 1s
possible to prevent or suppress the light emitted from the
projectors 2a and 26 from being blocked by pedestrians or the
like. In particular, since the light emitted from the projectors
2a and 2b 1s along the wall surface W1 (the first surface), 1t 1s
possible to more surely prevent or suppress the light from
being blocked by pedestrians or the like.

The image forming apparatus 1A 1s provided on the lower
side 1n the vertical direction of the display areas W11 and
W12. The image forming apparatus 1A scans the laser beam
LL upward to display (render) images 1n the display areas
W11 and W12. Since the projectors 2a and 26 are arranged on
the lower side of the display areas W11 and W12 1n this way,
it 1s easy to adjust an amount of external light radiated on the
display areas W11 and W12.

According to the fourth embodiment, 1t 1s possible to real-
1z¢ elfects same as those 1n the first embodiment.

Fitth Embodiment

A fifth embodiment of the i1mage forming apparatus
according to the invention 1s explained below.

FIG. 16 15 a diagram showing the fifth embodiment of the
image forming apparatus according to the invention. FIG. 17
1s a top view showing a detection region of a human sensor (a
moving body detection sensor) 1n the image forming appara-
tus shown 1n FIG. 16.

In the following explanation, concerning the image form-
ing apparatus according to the fifth embodiment, differences
from the first embodiment are mainly explained. Explanation
of matters same as those in the first embodiment 1s omitted.

The mmage forming apparatus according to the fifth
embodiment 1s substantially the same as the 1image forming
apparatus according to the first embodiment except that the
arrangement of the image forming apparatus and the screens
1s different. In FIG. 16, components same as those in the
embodiments explained above are denoted by the same ret-
erence numerals and signs.

In this embodiment, an image forming apparatus 1B 1s set
on the wall surface W1 and the screens 9a and 95 are set on the
floor surface F1. However, 1n plan view of the display surface
91a of the screen 9a, the display surface 915 of the screen 95
1s located on a segment passing the image forming apparatus
1B (a projector and the display surface 91a (a segment con-
necting sections of the projectors 2a and 256 where the light
LL 1s emitted and the center of the display surface 91a). This
makes it possible to relatively easily correct distortion of the

display surfaces 91a and 91b.
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In such a case, in the first embodiment, 1t 1s possible to
selectively display an 1image on the display surfaces 91a and
916 by changing a center position of a scanning range in the
vertical direction of the light scanning section 4. More spe-
cifically, 1t 1s possible to selectively display an 1image on the
display surfaces 91a and 915 by changing a center position of
amplitude of the movable plate 421 of the optical scanner 42.

In this embodiment, as shown in FIG. 17, when viewed
from the vertical direction, the first detection region S1 1s set
to iclude the display surface 91a and the second detection
region S2 1s set to include the display surface 91b.

Each of the first detection region S1 and the second detec-
tion region S2 1s formed in a semicircular shape with the
sensor section 71 set as the center when viewed from the
vertical direction.

The size (the radius) of the second detection region S2 1s
larger than the size of the first detection region S1.

In this embodiment, when the sensor section 71 detects a
person, the determining section 73 determines, on the basis of
a clearance between the person and the sensor section 71
(heremaiter also simply referred to as “clearance D), 1n
which of the first detection region S1 and the second detection
region S2 stored 1n the storing section 72 the person 1s located.

According to the fifth embodiment, 1t 1s possible to realize
cifects same as those 1n the first embodiment.

Sixth Embodiment

A sixth embodiment of the image forming apparatus
according to the mvention 1s explained below.

FIG. 18 1s a diagram showing the sixth embodiment of the
image forming apparatus according to the mvention.

In the following explanation, concerning the image form-
ing apparatus according to the sixth embodiment, differences
from the first embodiment are mainly explained. Explanation
of matters same as those in the first embodiment 1s omitted.

The 1mage forming apparatus according to the sixth
embodiment 1s substantially the same as the 1image forming
apparatus according to the first embodiment except that the
number and the arrangement of the screens are different. In
FIG. 18, components same as those in the embodiments
explained above are denoted by the same reference numerals
and signs.

As shown 1n FIG. 18, an 1image forming apparatus 1C 1s set
on the wall surface W1 of the wall W and three screens 9¢, 94,
and 9e are set on the floor surface F1 of the floor F.

The three screens 9c¢, 94, and 9e are provided side by side
along the wall surface W1 while being spaced from one
another. In FIG. 18, the screen 9¢, the screen 9d, and the
screen 9e are provided side by side 1n this order from the left
side to the right side in the figure.

The image forming apparatus 1C includes a projector 2¢ as
a first projector that displays an 1image on a display surface
91c¢ (a first display section) of the screen 9c¢, a projector 2d as
a second projector that displays an image on a display surface
91d (a second display section) of the screen 94, and a projec-
tor 2e as a third projector that displays an 1mage on a display
surface 91e (a third display section) of the screen 9e.

A not-shown control section (switching section) provided
in the image forming apparatus 1C can switch a state 1n which
the projector 2¢ displays an 1image on the display surface 91e
and a state in which the projector 2c does not display an image
on the display surface 91e 1n each of a first state, a second
state, a third state, and a fourth state. This makes i1t possible to
switch display of images on the three display surfaces 91c,

91d, and 91e.
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In this embodiment, the control section can selectively
switch the first state in which the first projector displays an
image on the screen 9¢, the second state 1n which the second
projector displays an 1mage on the screen 94, and the third
state 1n which the third projector displays an image on the
screen 9e. The configuration of the projectors 1s the same as
that of the projector 2a 1n the first embodiment.

In this embodiment, the detection sensor 7 can detect pres-
ence or absence of a person in each of the three detection
regions S1, S2, and S3.

Each of the detection regions S1, S2, and S3 1s formed 1n a
fan shape with the sensor section 71 set as the center. The
detection regions S1, S2, and S3 are provided side by side 1n
order of the detection region S3, the detection region S1, and
the detection region S2 from the left side to the right side in
FIG. 18. The detection regions S1, S2, and S3 are provided to
be set 1 contact with the detection regions adjacent to one
another.

The detection region (the first detection region) S1 1s set to
pass over the screen 9¢ from the sensor section 71 when
viewed from above 1n the vertical direction.

The detection region (the second detection region) S2 1s set
to be adjacent on the right side in FIG. 18 of the detection
region S1 and pass over the screen 94 from the sensor section
71.

The detection region (the third detection region) S3 1s
provided to be adjacent on the opposite side of the detection
region S2 with respect to the detection region S1 when viewed
from above i1n the vertical direction.

The detection sensor 7 detects presence or absence of
people 1n the detection regions S1, S2, and S3. The control
section selectively switches, on the basis of a result of the
detection, the first state in which an 1image 1s displayed on the
screen 9c¢, the second state 1n which an 1image 1s displayed on
the screen 94, and the third state 1n which an 1mage 1s dis-
played on the screen 9e.

In this embodiment, as shown in FIG. 18, when a person H
moves from the right side to the left side 1n the figure, the
control section switches, on the basis of a detection result of
the human sensor 7, the first state, the second state, and the
third state to follow the movement of the person H.

Specifically, for example, when the human sensor 7 detects
the presence of a person only 1n the detection region S3, the
control section switches the image forming apparatus 1 to the
first state. This makes it possible to display an 1mage only on
the display surface 91¢ of the screen 9¢ and cause a person
approaching the image forming apparatus 1 to easily recog-
nize the presence of the image. For example, when the image
displayed on the display surface 91c¢ of the screen 9c 1s a
pictogram ol an emergency exit as in the example shown in
FIG. 18, 1t 1s possible to provide a chance for guiding the
person approaching the image forming apparatus 1 to the
emergency exit.

When the human sensor 7 detects the presence of a person
only 1in the detection region S1, the control section switches
the image forming apparatus 1 to the second state. This makes
it possible to display an 1image only on the display surface 914
of the screen 94 and cause the person approaching the screen
9¢ according to the image display on the display surface 91c¢
to easily recognize the image. For example, when the image
displayed on the display surface 914 of the screen 94 1s an
arrow 1ndicating the direction of the emergency exit as 1n the
example shown 1n FIG. 18, 1t 1s possible to guide the person
approaching the screen 9c¢ to the emergency exit.

When the human sensor 7 detects the presence of a person
only 1n the detection region S2, the control section switches
the image forming apparatus 1 to the third state. This makes 1t
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possible to display an 1mage only on the display surface 91e
of the screen 9e and cause the person approaching the screen
94 according to the 1image display on the display surface 91d
to easily recognize the image. For example, when the image
displayed on the display surface 91e of the screen 9e 1s an
arrow 1ndicating the direction of the emergency exit as 1n the
example shown 1n FIG. 18, 1t 1s possible to guide the person
approaching the screen 94 to the emergency exit.

When the human sensor 7 simultaneously detects the pres-
ence of a person 1n at least two detection regions among the
detection regions S1, S2, and S3, the control section may
sequentially switch the first state, the second state, and the
third state at a predetermined time 1nterval or may switch the
first state, the second state, and the third state in the same
manner as explained above giving priority to detection at the
first timing or the last timing.

When the human sensor 7 does not detect the presence of a
person 1n all the detection regions S1, S2, and S3, the control
section may sequentially switch the first state, the second
state, and the third state at a predetermined time interval or
may switch the image forming apparatus 1 to any one of the
first state, the second state, and the third state (e.g., the first
state).

The switching of the first state, the second state, and the
third state 1s not limited to those explained above. For
example, the control section may calculate moving speed of
the person H on the basis of timing when the human sensor 7
detects the presence of a person only 1n the detection region
S3 and timing when the human sensor 7 detects the presence
ol a person only 1n the detection region S1 and sequentially
switch the first state, the second state, and the third state
according to the moving speed.

One projector may display images on the display sections
91¢ and 91e. In this case, the control section only has to
switch a center position of a scanning range of a light scan-
ning section included in the projector to switch the second
state and the third state.

According to the sixth embodiment, 1t 1s possible to realize
elfects same as those 1n the first embodiment.

Seventh Embodiment

A seventh embodiment of the image forming apparatus
according to the mvention 1s explained below.

FI1G. 19 1s a schematic plan view showing an optical scan-
ner ol a projector included 1n the 1image forming apparatus
according to the seventh embodiment of the invention. FIG.
20 1s a sectional view taken along line B-B in F1G. 19. F1G. 21
1s a block diagram showing a voltage applying section of a
driving section imncluded 1n the optical scanner shown in FIG.
19. FIGS. 22A and 22B are diagrams showing an example of
voltage generated by a first voltage generating section and a
second voltage generating section included in the voltage
applying section shown in FIG. 21. FIGS. 23A and 23B are a
side view and a front view for explaining the operation of the
projector included 1n the 1mage forming apparatus according
to the seventh embodiment of the invention. In the following
explanation, for convenience of explanation, a front side, an
iner side, a right side, and a lett side in FIG. 19 are respec-
tively referred to “upper”, “lower”, “right”, and “left”. An
upper side, a lower side, a right side, and a left side 1n F1G. 20
are respectively referred to as “upper”, “lower”, “right”, and
“lett.

In the following explanation, concerning the image form-
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ences from the first embodiment are mainly explained. Expla-
nation of matters same as those in the first embodiment 1s
omitted.

The 1mage forming apparatus according to the seventh
embodiment 1s substantially the same as the first embodiment
except that the configuration of optical scanners included 1n a
first projector and a second projector 1s different and a track of
scanning in a {irst direction (horizontal scanning) on the dis-
play surface 91a 1s not linear. In FIG. 21 and FIGS. 23A and
23B, components same as those explained in the embodi-
ments explained above are denoted by the same reference
numerals and signs.

The light scanning section 4 includes one optical scanner
45 of a so-called two degrees of freedom system (two-dimen-
sional scanning).

The optical scanner 435 includes a substrate 46 including a
first oscillating system 46a, a second oscillating system 465,
and a supporting section 46¢ shown 1 FIG. 19, a counter
substrate 47 arranged to be opposed to the substrate 46, a
spacer member 48 provided between the substrate 46 and the
counter substrate 47, a permanent magnet 491, and a co1l 492.

The first oscillating system 46a 1includes a frame-like driv-
ing section 461a provided on the iner side of the frame-like
supporting section 46¢ and a pair of first coupling sections
462a and 463a that support the driving section 461a 1n the
center on the supporting section 46c¢.

The second oscillating system 465 includes a movable
plate 4615 provided on the mner side of the driving section
461a and a pair of second coupling sections 4625 and 4635
that support the movable plate 4615 1n the center on the
driving section 461a.

The driving section 461a 1s formed 1n an annular shape 1n
plan view 1n FI1G. 19. The shape of the driving section 4614 1s
not specifically limited as long as the driving section 461a 1s
formed 1n a frame shape. For example, the driving section
461a may be formed 1n a square annular shape 1n the plan
view 1n FIG. 19. A permanent magnet 491 1s joined to the
lower surface of such a driving section 461a.

Each of the first coupling sections 462a and 463a 1s formed
in a longitudinal shape and can be elastically deformable.
Each of the first coupling sections 462a and 463a couples the
driving section 461a and the supporting section 46¢ to make
the driving section 461a pivotable with respect to the support-
ing section 46c¢. Such first coupling sections 462a and 463a
are coaxially provided each other. The driving section 461a
pivots with respect to the supporting section 46¢ around this
axis (heremnafter referred to as “pivot center axis J37).

A piezoelectric element 4654 for detecting an angle of the
driving section 461a (a pivoting angle around the pivot center
axis J3) (behavior) 1s provided 1n the first coupling section
462a.

The movable plate 4615 1s formed 1n a circular shape 1n the
plan view in FIG. 19. The shape of the movable plate 4615 1s
not specifically limited as long as the movable plate 4615 can
be formed on the 1nner side of the driving section 461a. For
example, the movable plate 4615 may be formed 1n an ellip-
tical shape or may be formed 1n a square shape in the plan
view 1n FI1G. 19. A light reflecting section 4645 having light
reflectivity 1s formed on the upper surface of such a movable
plate 4615.

Each of the second coupling sections 46256 and 4635 1s
formed 1n a longitudinal shape and can be elastically deform-
able. Each of the second coupling sections 4625 and 4635
couples the movable plate 4615 and the driving section 461a
to make the movable plate 4615 pivotable with respect to the
driving section 461a. Such second coupling sections 4625
and 463b are coaxially provided each other. The movable
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plate 46156 pivots with respect to the driving section 461a
around this axis (hereinatfter referred to as “pivot center axis
147).

A piezoelectric element 4655 for detecting an angle of the
movable plate 4615 (a pivoting angle around the p1vot center
axis J4) (behavior) 1s provided 1n the second coupling section
4625b.

As shown 1n FIG. 19, the pivot center axis J3 and the pivot
center axis J4 are orthogonal to each other. Each of the center
of the driving section 461a and the center of the movable plate
4615 1s located on an intersection of the pivot center axis J3
and the pivot center axis J4 in the plan view 1n FIG. 19. In the
tollowing explanation, for convemence of explanation, the
intersection of the pivot center axis J3 and the pivot center
axis J4 1s also referred to as “intersection G™.

As shown 1n FIG. 20, the substrate 46 explained above 1s
joined to the counter substrate 47 via the spacer member 48.
The coil 492 that generates a magnetic field acting on the
permanent magnet 491 1s provided on the upper surface of the
counter substrate 47.

The permanent magnet 491 1s provided along a segment
(also referred to as “segment M™) passing through the inter-
section G and inclined with respect to each of the pivot center
axis J3 and the pivot center axis J4 in the plan view 1n FIG. 19.
In such a permanent magnet 491, one side 1n a longitudinal
direction with respect to the intersection G1s an S pole and the
other side 1s an N pole. In FIG. 20, the left side 1n the longi-
tudinal direction of the permanent magnet 491 1s the S pole
and the right side 1s the N pole.

In the plan view 1 FIG. 19, an inclination angle 0 of the
segment M with respect to the pivot center axis J3 1s desirably
30 to 60 degrees, more desirably 40 to 50 degrees, and still
more desirably about 45 degrees. Since the permanent mag-
net 491 1s provided 1n this way, 1t 1s possible to smoothly pivot
the movable plate 4615 around each of the pivot center axis J3
and the p1vot center axis J4. In this embodiment, the segment
M inclines about 45 degrees with respect to each of the pivot
center axis J3 and the p1vot center axis J4.

As shown in FIG. 20, a recessed section 4914 1s formed on
the upper surface of the permanent magnet 491. The recessed

section 491a 1s a clearance section for preventing contact of

the permanent magnet 491 and the movable plate 4615. Since
such a recessed section 491« 1s formed, when the movable
plate 461 pivots around the p1vot center axis J3, 1t 1s possible
to prevent the movable plate 4615 from coming into contact
with the permanent meant 491.

The coil 492 1s formed to surround the outer periphery of

the driving section 461a 1n the plan view 1n FIG. 19. This
makes 1t possible to surely prevent contact of the driving
section 461a and the coil 492 when the optical scanner 43 1s
driven. As a result, 1t 1s possible to set the clearance between
the coil 492 and the permanent magnet 491 relatively short
and cause the magnetic field generated from the coil 492 to
cificiently act on the permanent magnet 491.

The coil 492 1s electrically connected to the voltage apply-
ing section 493. When voltage 1s applied to the co11 492 by the
voltage applying section 493, the coil 492 generates a mag-
netic field 1 an axis direction orthogonal to each of the pivot
center axis J3 and the pivot center axis J4.

As shown 1 FIG. 21, the voltage applying section 493
includes a first voltage generating section 493q that generates
first voltage V1 for prvoting the movable late 4615 around the
pivot center axis J3, a second voltage generating section 4935
that generates second voltage V2 for pivoting the movable
plate 4616 around the pivot center axis J4, and a voltage
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superimposing section 493 ¢ that superimposes the first volt-
age V1 and the second voltage V2 and applies superimposed
voltage to the coil 492.

In the same manner as shown 1n FIG. 9 1n the first embodi-
ment, as shown 1 FIG. 22A, the first voltage generating
section 493a generates the first voltage V1 (voltage for ver-
tical scanning) that periodically changes at a period T1 twice
as large as a frame frequency.

The first voltage V1 has a wavetorm like a triangular wave.
Therefore, the optical scanner 45 can effectively scan (sub-
scan) light 1n a vertical reciprocating manner. The waveiform
of the first voltage V1 1s not limited to this. A frequency (1/11)
ol the first voltage V1 1s not specifically limited as long as the
frequency 1s a frequency suitable for the vertical scanning.
However, the frequency 1s desirably 15 to 40 Hz (about 30
Hz).

In this embodiment, the frequency of the first voltage V1 1s
adjusted to be a frequency different from a torsional resonant
frequency of the first oscillating system 46a including the

driving section 461a and the pair of first coupling sections
462a and 463a.

On the other hand, as shown in FIG. 22B, the second
voltage generating section 4935 generates the second voltage
V2 (voltage for horizontal scanning) that periodically
changes at a period T2 different from the period T1.

The second voltage V2 has a wavelorm like a sine wave.
Therefore, the optical scanner 45 can effectively main-scans
light. The wavetorm of the second voltage V2 1s not limited to
this.

The frequency of the second voltage V2 1s not specifically
limited as long as the frequency i1s higher than the frequency
of the first voltage V1 and suitable for the horizontal scan-
ning. However, the frequency is desirable 10 to 40 kHz. Since
the frequency of the second voltage V2 1s set to 10 to 40 kHz
in this way and the frequency of the first voltage V1 1s set to
about 30 Hz as explained above, 1t 1s possible to pivot the
movable plate 4615 around each of the pivot center axis J3
and the pivot center axis J4 at a frequency suitable for ren-
dering on the screens. However, for example, a combination
of the frequency of the first voltage V1 and the frequency of
the second voltage V2 1s not specifically limited as long as the
movable plate 4615 can be pivoted around each of the pivot
center axis J3 and the pivot center axis J4.

In this embodiment, the frequency of the second voltage
V2 1s adjusted to be equal to a torsional resonant frequency of
the second oscillating system 465 including the movable plate
4615 and the pair of second coupling sections 4625 and 4635.
This makes 1t possible to increase a pivoting angle around the
pivot center axis J3 of the movable plate 4615.

When a resonant frequency of the first oscillating system
46a 1s represented as 11 [Hz] and a resonant frequency of the
second oscillating system 465 1s represented as 12 [Hz], 11
and 12 desirably satisty a relation 12>11 and more desirably
satisly a condition 12=10 11. This makes 1t possible to more
smoothly p1vot the movable plate 4615 around the p1vot cen-
ter axis J4 at the frequency of the second voltage V2 while
pivoting the movable plate 4615 around the pivot center axis
I3 at the frequency of the first voltage V1.

Each of the first voltage generating section 493a and the
second voltage generating section 4935 1s connected to the
distortion correcting section 5 and driven on the basis of a
signal from the distortion correcting section 3. The voltage
superimposing section 493¢ 1s connected to the first voltage
generating section 493a and the second voltage generating
section 493b.

The voltage superimposing section 493 ¢ includes an adder
4934 for applying voltage to the coil 492. The adder 4934
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receives the first voltage V1 from the first voltage generating,
section 493a, receives the second voltage V2 tfrom the second
voltage generating section 4935, superimposes the voltages,
and apply superimposed voltage to the coil 492.

The optical scanner 45 having the configuration explained
above 1s driven as explained below.

For example, the voltage superimposing section 493c¢
superimposes the first voltage V1 shown in FIG. 22 A and the
second voltage V2 shown in FIG. 22B and applies superim-
posed voltage to the coil 492 (the superimposed voltage 1s
also referred to as “voltage V3™).

Then, a magnetic field for attracting the S pole side of the
permanent magnet 491 to the coil 492 and separating the N
pole side from the co1l 492 and a magnetic field for separating,
the S pole side of the permanent magnet 491 from the coi1l 492
and attracting the N pole side to the coil 492 are alternately
switched by voltage corresponding to the first voltage V1 1n
the voltage V3. Consequently, the driving section 461a pivots
around the pivot center axis J3 at the frequency of the first
voltage V1 together with the movable plate 4615 while tor-
sionally deforming the first coupling sections 462a and 463a.

The frequency of the first voltage V1 1s set extremely low
compared with the frequency of the second voltage V2. The
resonant frequency of the first oscillating system 46a 1s
designed lower than the resonant frequency of the second
oscillating system 46b. Therefore, the first oscillating system
46a more casily oscillates than the second oscillating system
46b. It 1s possible to prevent the movable plate 4615 from
pivoting around the pivot center axis J4 with the first voltage
V1.

On the other, a magnetic field for attracting the S pole side
of the permanent magnet 491 to the coil 492 and separating
the N pole side from the coil 492 and a magnetic field for
separating the S pole side of the permanent magnet 491 from
the coil 492 and attracting the N pole side to the coil 492 are
alternately switched by voltage corresponding to the second
voltage V2 1n the voltage V3. Consequently, the movable
plate 4615 pivots around the pivot center axis J4 at the fre-
quency of the second voltage V2 while torsionally deforming
the second coupling sections 4625 and 463b.

Since the frequency of the second voltage V2 1s equal to the
torsional resonant frequency of the second oscillating system
46b, 1t 1s possible to dominantly pivot the movable plate 4615
around the pivot center axis J4 with the second voltage V2.
Therefore, 1t 1s possible to prevent the movable plate 46156
from p1voting around the pivot center axis J3 together with the
driving section 461a with the second voltage V2.

With the optical scanner 435 explained above, it 1s possible
to two-dimensionally scan a laser beam (light) with one
actuator and realize space saving for the light scanning sec-
tion 4. For example, when a pair of optical scanners are used
as 1n the first embodiment, a relative positional relation
between the optical scanners has to be highly accurately set.
However, since this 1s unnecessary in this embodiment, 1t 1s
possible to realize easiness of manufacturing.

In this embodiment, unlike FIGS. 7A and 7B 1n the first
embodiment, when the laser beam (light) LL 1s two-dimen-
sionally scanned on the display surface 91a 1n the light emis-
s10n state 1n which the laser beam LL 1s emitted from the light
source unit 3 as shown 1n FIGS. 23 A and 23B, plural render-
ing lines (scanning lines) 6 as tracks of the laser beam LL on
the display surface 91a are arranged 1n a zigzag and distorted
state.

Since the scanning lines are distorted, the video-data cal-
culating section 52 reads out, while calculating data equiva-
lent to pixel data that should be rendered on aline to be
scanned, the data from the video-data storing section and,
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alter performing various kinds of correction calculation and
the like based on the rendering timing information mput from
the rendering-timing generating section 53, sends luminance
data of the colors to the light-source modulating section 54.

Concerning processing other than the above, processing
same as that 1n the first embodiment 1s performed.

According to the seventh embodiment, 1s 1t possible to
realize eflects same as those 1n the first embodiment.

Eighth Embodiment

An eighth embodiment of the image forming apparatus
according to the invention 1s explained below.

FI1G. 24 1s a diagram showing the eighth embodiment of the
image forming apparatus according to the mvention.

In the following explanation, concerning the 1mage form-

ing apparatus according to the eighth embodiment, differ-
ences from the embodiments explained above are mainly
explained. Explanation of matters same as those in the
embodiments 1s omitted.
The 1mage forming apparatus according to the eighth
embodiment 1s substantially the same as the 1image forming
apparatus according to the first embodiment except that two
projectors are provided in separate housings and sensor sec-
tions of human sensors are provided in the respective hous-
ings. In FIG. 24, components same as those 1n the embodi-
ments explained above are denoted by the same reference
numerals and signs.

As shown in FIG. 24, an image forming apparatus 1D
according to this embodiment includes two housings 11a and
115. The projector 2a 1s housed 1n one housing 11a and the
projector 26 1s housed in the other housing 1154.

This makes 1t possible to set a setting position of the hous-
ing 11a and a setting position of the housing 115 1n desired
positions, respectively. For example, when the clearance
between the display surface 91a and the display surface 915 1s
large, 1t 1s possible to display high-quality images without
distortion on the display surface 91a and the display surface
91b, respectively. Even when there 1s an obstacle or the like
between the display surface 91a and the display surface 915,
it 1s possible to display images on the display surface 91a and
the display surface 915, respectively.

A sensor section 71a 1s provided 1n the housing 11a and a
sensor section 715 1s provided 1n the housing 1154.

The sensor section 71a 1s a sensor section for detecting
presence or absence of a person in the first detection region S1
of the sensor section 71 in the first embodiment. On the other
hand, the sensor section 715 1s a sensor section for detecting
presence or absence of a person 1n the second detection region
S2 of the sensor section 71 1n the first embodiment.

Since the two sensor sections 71a and 715 are provided in
the separate housings corresponding to the projectors 2a and
2b, 1t 1s possible to accurately and surely detect presence or
absence of a person in each of the first detection region S1 and
the second detection region S2.

Detection information of the two sensors 71a and 715 are
sent to a not-shown determining section by wire or radio. In
the same manner as the determination for the human sensor 7
in the first embodiment, the determining section determines
presence or absence of a person 1n each of the first detection
region S1 and the second detection region S2. At least two
states among the first state, the second state, the third state,
and the fourth state are switched on the basis of a result of the
determination. The determining section and the like only have
to be provided 1n the housing 11a or the housing 1154.
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According to the eighth embodiment, it 1s possible to real-
1ze elfects same as those 1n the first embodiment.

Ninth Embodiment

A ninth embodiment of the image forming apparatus
according to the mvention 1s explained below.

FI1G. 25 1s a diagram showing the ninth embodiment of the
image forming apparatus according to the mnvention.

In the following explanation, concerning the image form-
ing apparatus according to the ninth embodiment, differences
from the embodiments explained above are mainly explained.
Explanation of matters same as those 1n the embodiments 1s
omitted.

The 1mage forming apparatus according to the ninth
embodiment 1s substantially the same as the image forming
apparatus according to the first embodiment except that three
projectors are provided in separate housings and sensor sec-
tions of human sensors are provided in the respective hous-
ings. In FIG. 25, components same as those 1n the embodi-
ments explained above are denoted by the same reference
numerals and signs.

As shown 1n FIG. 25, an image forming apparatus 1E
according to this embodiment includes three housings 117,
11g, and 11/. A projector 2f that displays an image on a
display surface 91/ o1 a screen 9/1s housed 1n the housing 11f.
A projector 2g that displays an 1mage on a display surface 91¢
ol a screen 9g 1s housed in the housing 11g. A projector 2/ that
displays an 1mage on a display surface 91/ of a screen 9/ 1s
housed 1n the housing 114.

The housings 11/, 11g, and 11/ are set side by side a
predetermined space apart from one another, for example,
along a passage 1n a building. The screens 97, 9g, and 9/ are
set side by side a predetermined space apart from one another
along a direction 1n which the housings 11/, 11g, and 11/ are
arranged.

A sensor section 71f1s provided in the housing 11/, a sensor
section 71g 1s provided 1n the housing 11g, and a sensor
section 71/ 1s provided 1n the housing 114%.

The sensor section 71f 1s a sensor section for detecting
presence or absence of a person (a moving object) present in
a detection region (a first detection region) S11. The detection
region S11 is set to include the screen 91 and not to include the
screens 9g and 9% when viewed from above in the vertical
direction.

The sensor section 71g 1s a sensor section for detecting
presence or absence of a person (a moving object) present in
a detection region (a second detection region) S21. The detec-
tion region S21 1s set to include the screen 9¢ and not to
include the screens 9 and 9/ when viewed from above 1n the
vertical direction.

The sensor section 71/ 1s a sensor section for detecting
presence or absence of a person (a moving object) present in
a detection region (a third detection region) S31. The detec-
tion region S31 1s set to include the screen 92 and not to
include the screens 9f and 9g when viewed from above 1n the
vertical direction.

Presence or absence of a person in the detection regions
S11, 521, and S31 1s detected in this way. A first state in which
an 1image 1s displayed on the screen 97, a second state in which
an 1mage 1s displayed on the screen 9g, and a third state 1n
which an 1mage 1s displayed on the screen 9/ are selectively
switched on the basis of a result of the detection.

Specifically, when a person 1s present in the detection
region S11, the projector 2f displays an image on the screen
9/. When a person 1s present in the detection region S21, the
projector 2g displays an image on the screen 9¢. When a
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person 1s present 1n the detection region S31, the projector 2/2
displays an 1image on the screen 94.

For example, as shown in FIG. 25, when the person H
moves from the right side to the left side 1n the figure, 1images
are displayed 1n order on the screen 97, the screen 9g, and the
screen 9/ to follow the movement of the person H on the basis
ol presence or absence of a person 1n the detection regions
S11, S21, and S31.

Since the switching of a display position of an 1image 1s
performed by using the three projectors 2/, 2g, and 2/, 1t 1s
possible to improve expression power by the image. There-
fore, for example, 1n this embodiment, 1t 1s possible to attract
people’s attention to the 1mage for a long period or a long
distance in a long passage. As a result, as shown 1n FIG. 25,
when an 1mage showing an emergency exit 1s used, 1t 1s
possible to appropriately and surely guide a person to a
desired place (e.g., the emergency exit).

According to the ninth embodiment, 1t 1s possible to realize
elfects same as those 1n the first embodiment.

Tenth Embodiment

A tenth embodiment of the image forming apparatus
according to the invention 1s explained below.

FIG. 26 1s a block diagram showing a schematic configu-
ration of an 1mage forming apparatus according to a tenth
embodiment of the mvention. FIG. 27 1s a partial sectional
side view showing a unit pivoting mechanism of a rendering-
position changing section included in a projector shown in
FIG. 26. FIGS. 28A and 28B are top views for explaining an
action of the unit prvoting mechanism shown in FIG. 27. FIG.
29 15 a perspective view showing a scanner pivoting mecha-
nism of the rendering-position changing section included in
the projector shown 1n FIG. 26.

In the following explanation, concerning the image form-
ing apparatus according to the tenth embodiment, differences
from the embodiments explained above are mainly explained.
Explanation of matters same as those in the embodiments 1s
omitted.

The image forming apparatus according to the tenth
embodiment 1s substantially the same as the 1image forming
apparatus according to the first embodiment except that a
projector including a rendering-position changing section 1s
used. In FIGS. 26 to 29, components same as those 1n the
embodiments are denoted by the same reference numerals
and signs.

An 1mage forming apparatus 1F according to this embodi-
ment includes, as shown 1 FIG. 26, the projector 2 that scans
light on the display surfaces 91a and 915 and displays (ren-
ders) an 1mage, the human sensor 7 that detects presence or
absence of a person near the display surfaces 91q and 915 and
a moving state of the person, and the control section 8 that
controls driving of the projector 2 on the basis of a detection
result of the human sensor 7.

The projector 2 includes the light source unit (the light
emitting section) 3 that emaits light, the light scanning section
4 that scans the light, which 1s emitted from the light source
umt 3, on the display surfaces 91a and 915, the distortion
correcting section (the operation control device) 5 that con-
trols the light source unit 3 and the light scanning section 4,
and a rendering-position changing section 6 that changes a
position where an 1mage 1s displayed (hereinaiter also simply
referred to as “rendering position™).

The rendering-position changing section 6 includes a unit
prvoting mechanism 61 and a scanning pivoting mechanism

62.
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The unit prvoting mechanism 61 has a function of pivoting
the light source unit (the light emitting section) 3 and the light
scanning section 4 as a unit. In this embodiment, the unit
prvoting mechanism 61 pivots the light source unit (the light
emitting section) 3 and the light scanning section 4 to thereby
change a projection angle and move a rendering position
mainly in the direction of the horizontal scanning.

The unit pivoting mechanism 61 includes, as shown 1n FIG.
277, a supporting section 611 that pivotably supports the light
source unit 3 and the light scanning section 4 and a motor 612
that pivots the supporting section 611.

The supporting section 611 includes a shait section 613
having an axis X1 as a center axis. The shaft section 613 1s
attached to an attaching section 111 of the housing 11 via a
bearing 614.

This makes 1t possible to pivot the light source unit 3 and
the light scanning section 4 around the predetermined axis X1
together with the supporting section 611. Since the light
source unit 3 and the light scanning section 4 re integrally
prvoted 1n this way, 1t 1s possible to change a rendering posi-
tion without requiring adjustment of alignment of the light
source unit 3 and the light scanning section 4.

In this embodiment, the predetermined axis X1 1s set along,
the vertical direction. Specifically, the unit prvoting mecha-
nism 61 pivots the light source unit 3 and the light scanning,
section 4 around an axis orthogonal the display surfaces 91a
and 915. This makes 1t possible to move the rendering posi-
tion 1n the direction of the horizontal scanning while sup-
pressing distortion due to a change of the rendering position.

A first gear 615 1s provided 1n the supporting section 611.
In the first gear 615, plural teeth arranged along the circum-
terential direction of the shaft section 613 (the axis X1) are

provided.

On the other hand, the motor 612 includes a shatft section
616 that rotates around an axis. A second gear 617 that
meshes with the first gear 615 1s attached to the shaft section
616. In the second gear 617, plural teeth arranged along the
circumierential direction of the shaft section 616 are pro-
vided.

The motor 612 1s attached to the attaching section 111 and
rotates the second gear 617.

More specifically, as shown in FIG. 28A, the motor 612
rotates the second gear 617 counterclockwise to thereby
rotate the supporting section 611 around the shait section 613

clockwise. This makes 1t possible to move an emitting direc-
tion of the laser beam LL to the right side in FIGS. 28 A and

28B. On the other hand, as shown 1n FIG. 28B, the motor 612
rotates the second gear 617 clockwise to thereby rotate the
supporting section 611 around the shait section 613 counter-
clockwise. This makes it possible to move the emitting direc-
tion of the laser beam LL to the left side in FIG. 13.

The unit pivoting mechanism (a unit pivoting section) 61
explained above integrally pivots the light source unit 3 and
the light scanning section 4. Theretfore, it 1s possible to
expand a range in which the rendering position can be
changed (a range 1n which an 1mage can be displayed). It 1s
unnecessary to separately perform alignment adjustment for
the light source unit 3 and the light scanning section 4 to
change the rendering position. This makes 1t easy to design
and manufacture the projector 2. The unit pivoting mecha-
nism (the unit pivoting section) 61 does not always have to
integrally pivot the light source unit 3 and the light scanning
section 4 around the axis X1. The unit pivoting mechanism
(the unit pivoting section) 61 may pivot the light source unit
3 and the light scanning section 4 around an axis orthogonal
to the axis X1. In this case, the rendering position can be
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two-dimensionally moved even it a scanner pivoting mecha-
nism 62 explained later 1s omaitted.

On the other hand, the scanner pivoting mechamsm 62 has
a function of pivoting the optical scanner 42 for vertical
scanning. In this embodiment, the scanner pivoting mecha-
nism 62 pivots the optical scanner 42 to thereby move the
rendering position mainly 1n the direction of the vertical
scanning.

The scanner pivoting mechanism 62 1ncludes, as shown 1n
FIG. 29, a supporting section 621 that supports the optical
scanner 42 for vertical scanning and a motor 622 that pivots
the supporting section 621.

The motor 622 includes a shaft section 623 that rotates
around an axis. The supporting section 621 1s attached to the

shaft section 623.

Although not shown 1n the figure, the motor 622 1s attached
(ixed) to the supporting section 611 of the umt pivoting
mechanmism 61.

The motor 622 pivots the optical scanner 42 around the axis
of the shaft section 623 (specifically, an axis coinciding with
the pivot center axis J2) together with the supporting section
621. This makes 1t possible to move the emitting direction of
the laser beam LL 1n the direction of the vertical scanning.

The scanner pivoting mechanism (the scanner pivoting
section) 62 explained above pivots the entire optical scanner
42 with respect to the light source unit 3. Therefore, 1t 1s
possible to expand a range 1n which the rendering position can
be changed (a range 1n which an 1image can be displayed). In
particular, in this embodiment, of the optical scanners 41 and
42, the scanner pirvoting mechanism 62 pivots the optical
scanner 42 on the front side 1n a traveling direction of the laser
beam LL. Therefore, it 1s possible to relatively easily expand
the range 1n which the rendering position can be changed. The
scanner pirvoting mechanism (the scanner pivoting section)
62 does not always have to pivot the optical scanner 42 around
the pivot center axis J2. The scanner pivoting mechanism (the
scanner pivoting section) 62 may pivot the optical scanner 42
around an axis orthogonal to the pivot center axis J2. In this
case, the unit pivoting mechanism 61 may be omitted. The
scanner prvoting mechanism 62 may pivot the optical scanner
41. In this case, the range 1n which the rendering region can be
changed 1s limited by an area of the light retlecting section
421e of the optical scanner 42. Therefore, to expand such a
range, 1t 1s necessary to increase the area of the light reflecting
section 421e.

As explained above, the rendering-position changing sec-
tion 6 can two-dimensionally change the rendering position
in the direction of the horizontal scanning and the direction of
the vertical scanning. This makes 1t possible to switch a first
state 1n which the projector 2 displays an 1image on the display
surface 91a and a second state 1n which the projector 2 dis-
plays an 1mage on the display surface 915.

In this embodiment, rendering 1s performed by using a
laser beam emitted from the light source unit 3. Therelore,
when the rendering position i1s changed, 1t 1s possible to
display a high-quality image even 1f focus adjustment 1s omiut-
ted or simplified.

According to the tenth embodiment, 1t 1s possible to realize
elfects same as those 1n the first embodiment.

The 1image forming apparatus according to the mvention
has been explained on the basis of the embodiments shown in
the figures. However, the invention 1s not limited to the
embodiments. The configurations of the sections can be
replaced with configurations having the same functions. The
invention may be a combination of arbitrary two or more
configurations (characteristics) among the embodiments.
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In this embodiment, as the 1image forming apparatus, the
image forming apparatus that renders an 1mage on the screen
and the 1mage forming apparatus that renders an 1mage on the
wall, the tloor, the ceiling, and the like are explained. How-
ever, the invention 1s not limited to this. For example, trans-
mitted or diffused light may be seen from the opposite side by
using a light diffusion plate or the like.

The arrangement of the first and second projectors and the

first and second display sections 1s not limited to the embodi-
ments. For example, the projectors may be set on a first wall
surface and the first and second display sections may be set on
a second wall surface orthogonal to the first wall surface. The
projectors may be set on a ceiling surface and the first and
second display sections may be set on a wall surface. The
projectors may be set on one of surfaces parallel to each other
(e.g., wall surfaces or a floor surface and a ceiling surface) and
the first and second display sections may be set on the other.
The first projector and the second projector may be set on
surfaces different from each other (e.g., two wall surfaces
orthogonal to each other).
In the examples explained 1n the embodiments, the two or
three projectors are used. However, images may be displayed
on display sections in different positions by using four or
more projectors.

In the first embodiment, the pair of optical scanners are
used as the light scanning section. However, the invention 1s
not limited to this. For example, an optical scanner and a
galvanometer mirror may be used. In this case, the galvanom-
eter mirror 1s desirably used for the vertical scanning.

In this embodiment, the first direction 1s the “horizontal
direction” and the second direction 1s the “vertical direction”.
However, the invention 1s not limited to this. For example, the
first direction may be the “vertical direction” and the second
direction may be the “horizontal direction™.

In this embodiment, the red laser beam, the green laser
beam, and the blue laser beam are combined and one laser
beam (light) 1s emitted by using the three dichroic mirrors.
However, the laser beams may be combined by using dichroic
prisms or the like.

In the configurations explained in the embodiments, the
light source unit 3 includes the laser beam source that emits a
red laser, the laser beam source that emaits a blue laser, and the
laser beam source that emits a green laser. However, the
invention 1s not limited to this. For example, the light source
unit 3 may include the laser beam source that emits ared laser,
the laser beam source that emits a blue laser, and a laser beam
source that emits an ultraviolet laser. In this case, a phosphor
that generates green fluorescent light when the ultraviolet
laser 1s 1rradiated thereon 1s included 1n a screen. This makes
it possible to display a full color image on a display surface.

The entire disclosure of Japanese Patent Application No.:

2009-263406, filed Nov. 18, 2009 and 2010-097166, filed

Apr. 20, 2010 are expressly incorporated by reference herein.

What 1s claimed 1s:

1. An image forming apparatus comprising:

a first projector that scans light on a first display section to
thereby display an image;

a second projector that scans the light on a second display
section, which 1s 1n a position different from a position of
the first display section, to thereby display an 1image;

a switching section that switches plural states including a
first state 1n which the first projector displays the image
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on the first display section and a second state 1n which
the second projector displays an image on the second
display section; and

a moving object detection sensor that detects whether a
moving object 1s present 1n each of a first detection
region and a second detection region 1n a position dii-
ferent from a position of the first detection region,
wherein

the switching section switches the first state and the second
state on the basis of a detection result of the moving
object detection sensor.

2. The image forming apparatus according to claim 1,

wherein each of the first projector and the second projector
includes:

a light emitting section that emits a laser beam; and

a light scanning section including an optical scanner 1n
which a movable plate including a light reflecting sec-
tion for retlecting the laser beam emitted from the light
emitting section 1s pivotably provided, the optical scan-
ner scanning the light reflected by the light reflecting
section according to the pivoting.

3. The image forming apparatus according to claim 1,
wherein the switching section switches the 1mage forming
apparatus to the first state when the moving object detection
sensor detects presence of a moving object 1n the first detec-
tion region and switches the 1mage forming apparatus to the
second state when the moving object detection sensor detects
presence ol a moving object in the second detection region.

4. The image forming apparatus according to claim 1,
wherein the switching section switches plural states including
a third state in which the first projector displays an 1mage on
the first display section and the second projector displays an
image on the second display section.

5. The image forming apparatus according to claim 1,
turther comprising a third projector that scans light on a third
display section, which 1s 1 a position different from the
positions of the first display section and the second display
section, to thereby display an 1mage, wherein

the switching section switches plural states including a
state 1n which the third projector displays an image in the
third display section.

6. An 1image forming apparatus comprising;:

a projector that scans light to thereby display an image;

a switching section that switches plural states including a
first state 1n which the projector displays an image on a
first display section and a second state 1n which the
projector displays an 1image on a second display section
in a position different from the position of the first dis-
play section; and

a moving object detection sensor that detects whether a
moving object 1s present 1n each of a first detection
region and a second detection region in a position dif-
ferent from a position of the first detection region,
wherein

the switching section switches the first state and the second
state on the basis of a detection result of the moving
object detection sensor.

7. The 1mage forming apparatus according to claim 6,
wherein the projector includes a light emitting section that
emits a laser beam, the projector scanming the laser beam
emitted from the light emitting section to thereby display an
1mage.
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